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This series of reports results from a program initiated in H 
:ne Atomic Energy Commission (AEC) for determination of the cor 
iites formerly utilized by the Manhattan Engineer District (MEt 
AEC for work involving the handling of radioactive materials, 
early 1940* s, the control of over lUO sites that were no long( 
'ed for nuclear programs has been returned to private industry 
lie for unrestricted use. A search of MED and AEC records indi 
^ for some of these sites, documentation was insufficient to d( 
;her or not decontamination work done at the time nuclear acti\ 
ied is adequate by current guidelines. 

This report contains the results of a radiological survey to 
current radiological conditions at the former St. Louis Airpor 
i, St. Louis, Missouri. 

The report further documents the present radiological conditi 
St. Louis Airport Site within the realm of today's sophistical 
:ruiiientation and the impact on any future area development. 

The results of this survey indicate that there are elevated 1 
)ne or more radionuclides in both the on and off site environim 
'efore, based on the results of this survey and previous radiol 
i remedial measures should be considered to preclude any future 
I of inadvertent radiation exposure to people. 
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i. Goldsmith F. F. Haywood R. W. Leggett 

'. Ryan D. L. Anderson D. J, Christian 

I. Doane B. S. Ellis W. M. Johnson 

I. Cottrell W. H. Shinpaugh 


CONTL-NTS 


[ST or FTGUUl-S 

1ST OP TABLl-S 

iSTRACT 

gTROnUCTlON 

VDIOLOGICAL SURVEY TOCMMlQUliS 

Measurement of Beta-Gamma Dose Rates and Gamma Radiation 

Levels 

Surface Soil Sampling 

Subsurface Soil Sampling 

22 '* 

Measurement of tlie Flux of "Rn 

Groundwater Sampling 

Additional Offsite Sampling and Analyses 

JRVl-Y RESULTS 

Background Measurements 

Surface Soil yXnalyses 

Subsurface Soil Analyses 

l-xternal Beta-Gamma Dose Rates 

External Gamma Radiation Levels 

Results of Radon r:manation Measurements 

222 

Concentrations of Rn in Air 

Concentrations of Long-Lived Radionuclides in Air 

Radionuclides in Surface and Groundwaters 

ITE TOPOGRAPHY 


JMM\RY 



LUiNiLNib ^continueaj 


:NCES. 
3IX I. 
DIX II 
HX III 
)IX IV 



LIST OF PI CURL’S 


Aerial view of former AEG Storage site, St. Louis, Missouri. . 
Grid locations used for survey measurements at Former AEG 

Storage site 

Survey grid blocks in west end of Former AEG Storage site. . . 
Location of points where beta-gamma dose rate and gamma 
radiation level measurements were made during the 1978 

survey 

Off-site soil sample and radon monitoring locations used 

in the 1978 survey 

Location of augered holes and radon flux canisters used 

in 1978 survey 

Location of background soil samples in Missouri 

Topographical survey made in January 1977 

Aerial views showing differences in topography between 1976 


and 197S 



LIST OF TABLES 


1 Uranium residues stored at airi)ort site (November 1905). . 

2 Concentration of radionuclides in Missouri background 

samples 

3 Surface soil sample analysis 

4 Extent of “"^Ra contamination in subsurface soil as estima 

from gamma radiation measurements in auger holes drilled a 
random locations, 1978 survey . . 

-i-jo ■>'>6 

5 Concentration of Li and Ra (pCi/g) in soil samples 

taken from augered holes drilled at random location, 1978 
survey 

6 Concentration of radionuclides in subsurface soil sample.s 

taken from biased cores from the 1976 survey 

7 Estimates of subsurface concentration from gamma lo^ 

of biased cored holes from 1976 survey 

8 External gamma radiation levels at 1 m above the ground 

and beta-gamma radiation levels at 1 cm above the ground g 

grid points inside the fenced area 

9 External gamma radiation levels at 1 m above the ground 

and beta-gamma radiation levels at 1 cm above tlie ground 

in the fine grid area of Fig. 3 

10 External gamma radiation levels and beta-gamma dose rates 

at locations in area outside fence on north side of site 
from fence to Brown Road 

11 !• Y 1* Q 1 rr oirifn 1 U* ^ ^ ^ ^ 


LIST OF TABLES (continued) 


External gamma radiation levels and beta-gaiiima dose rates 
at locations outside fence on south and west sides of 

site 

iladon emanation rates as measured using charcoal canisters . 

Outdoor radon measurements near St. Louis Airport Site . . . 

222 

Calculated annual avci'age Rn concentration as a function 
of distance and direction (fCi/litcr) resulting from tlic 

St. Louis Airport site 

Calculated radon-222 concentration on tlie St. Louis Airport 

site 

Concentrations of long-lived radionuclides in air (fCi/nf^) 

measured near the site in 1978 

Estimated annual average concentration of airborne radio- 
nuclides at grid location S3+OO/R12+fl0 (30 ft nortii of 
site center) attributable to resuspension from site surface. 
Radionuclide concentrations (pCi/litcr) in offsite water 

samples, April 1979 

Radionuclide concentrations (pCi/g) in offsite sediment 

samples, April 1979 

Radionuclide concentrations in water (pCi/liter) and in 

sediments (pCi/g) from Coldwater Creek, 197G 

Radionuclide concentrations (pCi/liter) In water samples, 
1978 survey 


R. W. Legge" 
D. L. Ande?: 
B. S. Ellis 


W. A. Goldsmith 
(V. 1). t.'cttrc-ll 
I). J. Christian 
W. M. .Jol^nscn 


!’. H. Haywood 
M. T. Ryar 
R. W. Deane 
W. H. Shinpaugh 


ABSTRACT 


The results of two radiological surveys of the St. Louis-Lamb' 

Lrport property, formerly known as the Atomic Energy Commission 0 

Lrport Storage Site, St. Louis, Missouri, are presented in this ri 

lesc surveys were conducted over the 21.7-acre area on which uran 

\d radium-bearing waste materials were stored from the 1940 's to 

lite 1960's. The surveys included direct measurements of beta-gam: 

idiatlon at the ground surface and external gamma radiation at 1 i 

le ground tliroughout tl\e site and adjacent drainage systems; dete 

f uranium, actinium, and radium concentrations in samples of soil 

le surface and from holes bored at locations on and near the site 

^termination of radionuclide concentrations in groundwater and su 

:itcr samples; measurement of radon flux from the ground surface; 

oasurements of “Rn in air at accessible locations nearest the s 

1 C second (or followup) survey was designed to support an environ 

liaractcrization survey and to provide a basis for comparison of c 

II site conditions associated with known changes in topography. R 

f those surveys indicate that some offsite drainage pathways are 

22 

ontaminated, probably by runoff fi’om the site; no migration of 
rom the site was observed. 


^Research sponsored by the Division of Environmental Control 
echnology, U.S. Department of Energy under contract W-7405-eng-26 


INTRODUCTION 


At the request of the Department of linergy (DOE), (then the line 
arcii and Development Administration - ERDA) , Oak Ridge Opcrataoi 
ological survey was conducted at the St. Louis-Lambert Airport 
lorty, St. Louis, Missouri. This 21.7-acrc tract of Land is bor( 
he north and east by Brown Road, on the south by the Norfolk am 
ern Railroad, and on tlie west by Coldwater Creek (see Pig. 1). 

! was used as a storage area for residues generated by the Malli 
lical i'/orks during their uranium-processing operations from 1946 
i. Some contaminated rubble was known to have been buried in th 
;crn end of the site. An inventory of the materials and their a 
;c uranium content is given in Table 1. Also given in thi.s tub! 
,st of the original structui'es and other facilities on .site. Th 
jntory was made as a part of a radiological survey conducted by 

Atomic Energy Commission (ARC) in November of 1965 prior to th 
ival of the residue piles and disposal of structures. Since tha 
!, access to the site has been controlled by the Airport Managci 
i barring casual entry. 

During 1966 and 1967 the residues were sold and removed from I 
Except for the area where barium sulfate residues (referred 
•port cake” or AJ-4 residues) were located, the removal of resid 
(S restored all areas to a condition where the radiation level a 
ind surface was less than 1 mrad/hr. In the AJ-4 area, the surf 
i-gamma dose rate was about 3 mrad/hr due to residual contaminat 
,tated in the acquisition permit of November 10, 1969, the St. L 
iCrt Airnort Authority agreed to doonnt’nmi tw ■5 c T 


’reeinent with the U.S. Government, it \v'as required that tlie bariui 
ilfato residue be removed to an abandoned quarry at Weldon Spring; 
Lssouri, and that all structures on site except the fence be raze< 
ailding rubble v^/hich was to bo buried onsite included a storage si 
ruck wash pad, and a concrete storage pit. Also, a minimum of on< 

f clean fill was to be placed over the entire site. This work wa; 

2 3 

jrformed, and in December 1969, a radiation survey was made acc( 

) the criteria stated in Appendix 11 of the acquisition permit. I 

us survey, eleven areas (ranging in size from 10 ft^* to 50,000 f 

5re found where gamma radiation levels exceeded 1 inR/hr. Additioi 

111 (2 to 3 ft) was placed over these areas to achieve acceptable 

idiation levels.^ Clean fill elevations were then described by a 

jpographical survey conducted in October 1971.“ Subsequently, a 

idiation survey was conducted in November 1971 to document the ra( 

2 

3gical condition of the entire site. It was found that ground si 
)se rates were generally less than 0.05 mrad/hr; certain isolated 
lich exceeded 0.2 mrad/hr were documented; no readings exceeded 1 
cad/hr. 

The present survey was performed to characterize the existing 
idiological status of the property. It was conducted by members < 
salth and Safety Research Division of the Oak Ridge National Labo 
iring the weeks of November 14, 1976 and August 28, 1978. The ea 
irvoy included the following measurements: 

1) beta-gamma dose rates at 1 cm above the surface and exte 
gamma radiation levels at the surface and at 1 m above t 
surface throuehout the site and at selected off-site loc 


2) concentrations of ’“Sa, and in surface and 

subsurface soil on and off the site; 

3) concentrations of U, fh, and Pb in Coldwnt-cr 

Creek and in groundwater on site; 

4) gamma radiation levels at various depths in auj’cr iiolcs dril 
on the site, as a means of estimating the Ra concci\tratioi 
at these locations; and 

5) external gamma radiation levels at 1 m above the surface and 
concentrations of radionuclides in surface soil at selected 


backgi'ound locations within the state of Missouri, 

The follow-up survey conducted in 1978 was designed to iu‘ 0 vi.<lc 

jpplementary data to an environmental survey* conducted simultaneous!) 

id to provide a basis for comparison between site conditions in 1976 

id the present. The later survey included the following measurcmeias : 

222 

1) rate of emanation of Rn from the ground surface; 

222 

2) concentration of airborne Rn at selected off-sitc location 

3) radionuclide concentrations in soil and water in drainage |)aL 
adjacent to the site; 


4) 


53 


gamma radiation levels at various depths in auger holes drJ 11 
on and off the site as a means of estimating the concen 
trations at these locations; and 


concentrations of nnri • , 

and PI) in groundwatc 


taken from holes drilled on and off the site.''' 


nnsw",'?™'' '' Consultants, West Chostor, 

^Analyses performed by Radiation Management Cornorntinn 
iladelphia, Pennsylvania. ^ 'corporation, 


RADIOLOGICAL SURVEY TECILNIQUES 


Measurement of Beta-Gamma Dose Rates and 
Gamma Radiation Levels 

The entire site was divided into 100 ft x loO ft "survey 
by the rectangular grid system shoivn in Fig. 2. During the 1' 
a 50-ft grid system was used at the west end of the site as 
1 Fig. 2. Furthermore, the earlier survey also used a fine gr 
>hown in Fig. 3; this fine grid system covered an area of abou 
rt** where contaminated materials are known to be buried. 
:a-gainma dose rates were measured 1 cm above the ground surfac* 
Geiger-Muellcr (G-M) survey meter (described in Appendix I), 
idiation levels were measured at 1 m above the surface by mean 
ctable gamma scintillation (Nal crystal) survey meter (describ' 
idix I). All direct survey meter readings reported in this dO' 
It gross readings; background radiation levels have not been 
:cd. Similarly, background levels have not been subtracted fr 
:lide concentrations measured in environmental samples, 
ring the 1976 survey, beta-gamma dose rates and gamma radiatio 
vere measured at the grid points shown in Fig. 2. Each block 
s grid system shown in Fig. 3 was scanned using the scintillat 
neter. Beta-gamma dose rate readings were taken at the points 
le gamma radiation level was a maximum inside each block. Dur 
3 survey, bota-gamma dose rates and gamma radiation levels wer 
J at the numbered locations shown in Fig. 4; these locations w 


side the controlled access area of the site. 


Surface Soil Sampling 

In 1976, surface soil samples from a depth of 0 to 1 inch wer 
n at grid points approximately 100 to 150 ft apart west of K 1 
rid points approximately 200 to 300 ft apart cast of R 15+00, 
points where insectivore* activity was noted. In addition, 1 
les were taken along the property line bordering Brown Road, 
the five samples taken at insectivore holes, surface sampling 
systematically; sampling locations were not influenced by rad 
Is or other biasing factors. 

Each sample was packaged in plastic bags for tra)\sport to Oak 

e they were dried for 24 hours at 110®C and pulverized to a pa 

of 35 mesh (500 ym) . Aliquots from each sample were transfer 

lastic bottles (25 ml), weighed, and counted using a Cie(I.i) de 

specti'a obtained were analyzed by computer techniques. A desc 

he Ge(Li) detector and the soil counting techniques is given i 

^26 233 227 

ndix 11. Concentrations of “ Ra, L), and Ac were deterrr 
all samples. 

In the 1978 survey surface soil samples were taken at random 

■^38 2'’6 

n in Fig. 5. These samples were analyzed for “ U and Ra. 

Subsurface Soil Sampling 

Holes were drilled with a motorized rig at the locations 
ig. 6 in the 1978 survey. An 8-in. diameter auger was used to 
epths between 15 and 33 ft. A plastic pipe with a 4 -in. insid 
eter was placed in each hole, and a N’al scintillation probe wa 
red inside the pipe. The probe was encased in a lead shield w 


allowed measurements of gamma radiation intensities resulting 

contamination within small fractions of the hole deptli. Measu 

were usually made at 6-in. or 1-ft. intervals. This "logging" 

core holes was done in order to define the profile of radioact 

underground and as a first step in determining the extent of si 

contamination at each location. Moreover, the loggings were u; 

estimate the ^°Ra concentration In contaminated regions. Tlie 

used for these estimates is described in Appendix III. A saiii)) 

potentially contaminated material was removed from the auger ti 

for each hole and was returned to ORNL for analysi.s of “ Ra aj 

In the 1976 survey, in addition to the hole loggings, soi. 

were collected using Shelby tube samplers at 8 of the 16 core I 

2"^6 238 227 

locations. Concentrations of Ra, u, and Ac were dete; 
these samples. 

2^2 

Measurement of the flux of “ Rn 

222 

Since activated charcoal readily adsorbs Rn, an estima’ 
radon flux from ground surfaces was obtained by placing canisti 
ing cliarcoal in direct contact with the ground [see ref. 4) . i 
period of exposure which ranged from one to two days, the cani; 
removed, and the radon daughters were allowed to achieve equil 
The amount of radon adsorbed on activated charcoal canisters w< 
by counting the gamma emissions from and using a 3 

Nal scintillation detector coupled to a multichannel pulse hei] 
In tlie 1978 survey, canister's wore distributed uniformly i 
site. These modified U.S. Army M-11 gas mask canisters were t\ 


I the soil to a depth of 1 cm and sealed with additional soil. 

1 of 10 canisters was used (see Fig. 6). Tlicso individual rcac 

222 

; then used to estimate the average rate of emanation of Rn c 
re site. 


Groundwater Sampling 

In 1976 corings were made at 6 grid locations to a depth where 
mdwater was reached. At each location a 2-liter water sample v 


ected. i'hcse samples were analyzed at ORNL using sequential sc 


* , _ 238,, 226. . 230.., ^ r- 

niquos to determine Ra, and Th concentrations. Ei^ 


tlonal gi'oundwater samples were collected in the 1978 survey. 


les were analyzed by Radiaton Management Corporation, Philadclj 


. ■ c 238,, 226„ 230,,.. , 210^,. 

sylvaniaj for U, Ra, Ih, and Pb, 


Additional Offsite Sampling and Analysis 
In the 1976 survey, four water samples were taken from Coldwa' 
k, which borders the west side of the site. A sample of sedimi 
n from the bed of Coldwater Creek at eacli of the locations use^ 
ling water. Each sediment sample was prepared and analyzed us 
sample analysis techniques described before. The creek water 
( analyzed using the same sequential separation techniques as f 
.ndwater samples. Gamma radiation levels were measured at 1 m 
creek bed at each sampling point. 

Along each side of Brown Road are drainage ditches which carr 
ff water westward into Coldwater Creek. The ditch adjacent to 
h side of Brown Road serves as a drainage path for the former J 
age site. This ditch is connected to the drainage ditch on the 


rained by a ditch which borders the Norfolk and Western Railroad 
nd wl\icli also drains into Coldwatcr Creek (see I'ig. IJ. 

In 1976, gamma radiation levels at 1 m and beta-gamma dose ra 

9 

cm were averaged over areas of 1 nr centered at selected points 
liesc drainage patliways. Also, surface soil samples were takcii at 
ocations in the ditch north of Brown Road, and two Shelby-tube sa 
-ere taken in the ditch south of Brown Road. 

In the 1978 survey, in addition to the offsite samples previc 
icntioned, Irlgli volume air samples were collected and the radon cc 
ration in air was measured at the locations shown in fig. 5. Rad 
oncentration measurements were made using W'renn C’.liainbcrs . ^ ibis 
s described in Appendix I. Pilters used In the lugl\ volume air s 
fcre returned to CRN!, and analyzed for a variety of long-iivcd air 
•adionuclides. 

On April 14, 1979, a stream sampling program was conducted ir 
ioldwater Crock and all drainage pathways from the site. Continue 
•ainfall for ten liours precceding tl»o sampling had produced a totii 
1.25 in. of precipitation. Consequently, all three drainage pathw 
•rom the site contained flowing water. Water and sediment samples 
»btained from the drainage pathways and from Coldwatcr Creek; thes 
.amples wore analyzed for a variety of radionuclides. 

SURVliY RhSUI.TS 

Background Measurements 

Samples of surface soil were collected at ten locations throi 
lissouri as shown in FUg. 7, This material was returned to ORNL ] 


analysis using gamma-ray spectrometry techniques. Results ol the 


analyses are given in Table 2. It was observed that (he eeneent r 


T?6 . 2?A) 

of Ra ranged from 0..'S to 1.3 pCi/g. Tiic average Ha eoneeiU 


was 1.05 pCi/g with a standard deviation of 0,3 pfi/g. The rang.e 


932 238 

values for "" Th was 0.3 to 1.3 pC’i/g; and for ‘ 0, the rafige iv.i: 


to 1.7 pCi/g. 

background external gamma radiation levels :!t 1 in above the j 
were measured at A points within 5 miles of Llie site, i'he nieasuia 
ranged from 7 to 9 yR/iu‘ and averaged 8 pH/hr. 

Background external gamma radiation levels were also niensuroc 
throughout the state of Missouri at the soil sampling Uicatioiii; si 
in I'ig. 7, The average of these measurements wa.s 6 iiR/hr; the s!.- 
deviation (0) was 1.7 yR/hr. 

Background hcta-gamiiia dose rates, as measured with the (l-M si 
iietcrs used on tins site, typically average approximately D.o;! mra 
It siiould be pointed out that readings at typical background level 


cannot be accurately reproduced using the (1-M survey meter. 

As stated earlier, all direct meter readings rejiorted in this 
locument represent gross readings; background radiation ievel.s hay 
leeii subtracted, Similarly, background levels have not been suhl i- 
:rom ladionuclidc concentrations measured in cnvironnieiUal samples 


Surface Soil Analyses 

Locations at which on-site surface soil samples were coUecte 
he results of gamma-ray spectrometry analyses of these sample;; ar 
isted in Table 5. These surface soil «;,*iiiinio« i:..: . . • 


our groups: tliose taken at certain grid points used for beta and 

ainina-ray measurenents (samples 1 through 49); those taken along a 

ounding the north side of the property (samples FI through FIS); 

hose collected in areas excavated by insectivores (VI through V5) 

liose collected in drainage ditches north and south oF Brown Road 

Jirougli B5 and LAOS 52 thi'ough LAOS 66). The LAOS samples were ta 

uring the 1978 survey, all others were taken during the 1976 surv 

'’26 ■’38 227 

Concentrations of Ra, U, and Ac in these samples are 

n Table 5. Much of the surface soil at grid points inside the fe 

OLindary was found to contain normal tci'vcstrial concentrations of 
238 

nd U. However, there were several grid points where the conce 

F ^ ’Ru exceeded t\\c maximum " ^Ra concentration observed in Miss 

ackground samples. Tlic range of elevated values was from approxi 

.4 pCi/g to 78 pCi/g (see samples 1 through 49 in Table 3). The 
238 

oncentration of U in samples 1 through 49 was 260 pCi/g. 

None of the background samples contained measurable quantitio 

■’7 231 227 

Ac, daughter of Pa. However, Ac was found at 18 of tlie 4 

amp ling locations with a range of 0.5 to 77 pCi/g. The source of 

“ Ac is linked to a precipitate formed in a column where uranium 

tripped from diethyl ether using dilute nitric acid. This procip 

as, on occasion, removed from the column by a Sperry Filterpress. 

231 

Sperry cake" was found to be a good source of Pa and, hence, c 
7P1 

aughter “ Ac. The largest concentration of this radionuclide, 1 

Ci/g, was found near the area where barium sulfate cake ("airport 

227 

ad been stored. Also, a Ac concentration of 77 pCi/g was obse 


n -TMS 


r->-i T» n P •P 1 rk Ji t Niwi hfac>n CtrwpH 


in the l!)76 survey, SLiri'uce soil s;iiiii)le.s were ulso collect 

five locations where i used, i voi’cs IkkI burroweeJ into tiic site. 

sarnple, VS, barely outside the fence (SS f 25/IU n^- SO) , conlaiiuni 

’2() '’SB 2 J7 

420, and 1100 j'Xi/}:;, respectively of "" Ua, U, and Ac. 1 
concentrat tons of and Ac were tlic liigliest obscrv(ul amo 

surface soil samples. fhose surface samj)lcs biased by insccliv 
activit)' were all collected the IcMice line at the north s 

the property. lirosion of fill earth was aj)parcnt aloiii' this Ic 
InsectLVores liave tunneled extensively in this area, and some 
excavated soil liad been broii^jiit to the .surface, i'lic contaiiiinaf. 
tlris excavated dirt Is ol>vious only in sample V.^. Insect ivore 

did not extend move than 10 ft from any point ('ilong the fence. 

[n contrast to the 49 surface soil samples colleciod withi 
fenced confines of tt»e site, practically all of tiie d.S sniaplos 
outside the fenced area had elevated levels of one oi’ more radi 
'I'hc.se samples uerc collected from the drainage d.ltches north arr 
of Brown Road. The raiij;e of Ra activity in samples outside 

T 7 O 

but south of Brown Hoad ranged from 1.5 to 4()0 pf.i/g; 1) rang 

2.6 to 890 pCU/g; " V\c ranged from less than detectable (|uanti 
290 pCi/g. 'I'he drainage ditch north of Brown Road had co: 

ranging trom 1.4 to 120 pCi/g; " U from 5.0 to 72 pCi/g, and “ 

from less than detectable to 100 pCi/g. 

Subsurface .Soil Analyses 

In the 1978 survey, 54 holes were drilled at random locati 
the determination of subsurface contaiiu nation levels. By choos 


locations in >'!inarMn 


r r** 


ruLy representative of existing conditions at the site. Tistii 

mum subsurface radium concentrations as a function of deptl\ a 

n Tabic A. A combination of soil sample analyses and scintil 

loggings" was used to estimate these concentrations. Graplis i 

ates as measured using the shielded scintillation prol)e vs. di 

2 ’’6 

an accurate estimation of the dej)th at whicli the maximum R; 

ration occurs and the thickness of the contaminated layer. 

cs of the dci]tl\ of the contaminated zone and tlic average radii 

ration within this zone are also given in Table A, 

e gamma-ray logging technique used during tl\is survey is not 

c for a given nuclide. However, some compar.i.sons liavc been m, 

observed respoi\sc of the gamma-ray logging probe and nioasurci 

oncentrations in soil taken from points corresponding to gamm; 

surements. It is tlius possible to make an estimate of the t)i 

contaminated layers underground. The techniques used in cst 

th and extent of contamination arc explained in Appendix III. 

each of the cored liolcs, soil samples were taken from auger 

s removed from the contaminated zone or from the side of the 

2^8 2 2G 

The concentrations of * U and Ra in these samples arc pro 
c 5. 

the 1976 survey, sixteen lioles were drilled for tlte determin 
urfacc contamination levels, lilevcn of the holes (hole numbe 
. 10 and Iiole number 14) were drilled in the areas of elevated 

3 

adiation levels observed during the 1969 AliC survey. Tlie re 
des were drilled near the perimeter of t)ie site, in or near t 


n thn site wliere hi oliRSt -radiation levels were nieasiired diirin 


: survey. Since selection of drilling locations were biased by 

iation levels, radionuclide concentrations measured in samples 

m these holes should not be considered representative for tiie s 

lier, this exploratory drilling was done in an effort to find hi 

ionuclide concentrations in subsurface soil. Results from dril 

the 1978 survey are representative of the conditions at the sit 

At 7 of the 16 cored holes in the 1976 survey, soil samples i\ 

^38 220 

cn for radionuclide analysis. Concentrations of U, lUi, a 

220 ) 

tiiese biased samples are given in Table 0. listi.mates of Ra 
tion based on gamma logging of these 16 cored holes arc given i 
le 7. 


external Beta-Gamma Dose Rates 

Tlie average beta-gamma dose rate at 1 cm above the surface in 
6 survey was 0.05 mrad/hr with a range of 0.02 to 0.34 mrad/lir 
nts in the 100-ft grid area east of grid line R 15+00 (I'ig. 2}; 
d/hr witli a range of 0.02 to 0.23 mrad/hr at grid points in the 
d area west of grid line U lS+00 (Fig. 2); and 1.5 mrad/hr with 
0.24 to 4.6 inrad/hr within the fine grid blocks shown in Fig. ^ 
a-gamma dose rate reported for the 50 and 100 ft- grid points 
resents the average of sevei'al readings taken over an area of 1 
tered at the grid point. The beta-gamma dose rates reported fo 
s grid blocks represent readings taken within each grid block i 
a-gamma measurements made within the fenced area at grid points 
5. 2 and 3 are given in Tables 8 and 9. 

Beta-gamma dose rates were measured outside the fenced confin 


toad (Table 11); and south of the site between fence and rail 
(^Table 12). As may be seen in these tables, surface beta-gai 
ites were elevated in drainage areas north and south of Brown 
; up to 0.3') and 1.6 iiirad/hr, respectively . On tlie other hair 
I exceeded 0.06 lurad/hr in the drainage area between the site 
'once nnd the railroad tracks. 

LixternaJ tn'mima Radiation Levels 
le average external gaimua radiation level at 1 iii above the su 
1976 survey was 16 pR/hr with a range of ^ to 71 yU/Br at gr 
in the 100-ft grid area (fig. 2); 14 pR/hr with u range of 5 
ir at grid points in tl\e 50-ft grid area (Pig. 2); and 11.3 pR 
range of 23 to 300 pl^kr witlvin the fine grid area (I'lg. 3). 
)d gamma radiation measurements for these grid point.s are giv 
Les 8 and 9, 

le numerous gamma radiation measurements vd\icli were made outs 
iced area are given in Tables 10, 11 and 12. Gamma radiation 
1 tlie fence and Brown Hoad averaged 68 pR/hr and ranged uji to 
(the higliest reading obtained in these surveys) as shown in 
10. Readings obtained nortli of Brown Road arc listed in Tal>l 
yielded an average l-iii exposure of 58 pU/hr. Measurements lua 
ind west of the site fence arc shov^n in Table 12; these range 
no higher than 20 pR/lir. The gamma radiation measurements a 
ind south outfalls were made on the cast bank of Coldwater Cr 
the 1976 survey. It was noticed tliat tlie creek and both ban 
iccl a large amount of discarded items sucli as 5S-gal drums, t 

7 TiiMf’h'inr' tiiliQ nn«l xfirrifni*? r»f c/'-rmi . Tlif^ 


n'veyed witli a yajiiina scintillation survey meter; no contamination 
lioactivc material was observed. Water in tlic creek had a notice- 
)il layer as did the creek bed. There was evidence oi erosion of 
natcrial at both the north and south outfalls. 

[t may be noticed that at some locations, such as S.'^h00/R4+00 , 
iJTima radiation level at 1 m was higher than the corresponding 
jamma dose rates measured at 1 cm above the surface. This anomaly 
iributed to the abrupt changes in ground elevation. These abrupt 
:s , particularly in the ditches north and south of brown Road, 

[date usual assumptions about a detection point above a flat, 

Lte, planar source. 

■leasuremcnt points 69 and 72 which exhibit elevated gamma racliatioi 
5 in Tabic 11 (Fig. 4) lie about 10 ft above the other points exhil 
:ed gamma radiation. These points are along the north edge of IJro\ 
ibove the ditch wlierc other readings were taken; a 16-in. diameter 
\i gas main lies below these measurement points. 

Results of Radon Fmanation Measurements 
222 

fhe rate of emanation of Rn from ground surfaces was measured 

the charcoal canister technique described in the "Radiological 

I Techniques" section. Canister locations are shown in Fig. 6; 

:s are presented in Table 13. The average rate of emanation 

2 

red for this site is 6.3 pCi/m sec. Canisters 9 and 41 could be 
lered as representative of the background emanation rate. It is 
/ed that the presence of grass and roots below canister 41 may hav 
1 this result to be lower than the actual rate. Wilkening^ found 


C,C) lie (J ll t. Tut Ions O j' Ujj j ,i\j {’ 

A SLiim.iary ol‘ iiieasuroiiionts of tlic outcioor concentfat tun of 
lit it) y.ivcii in lahlo 1*1; locatitMis tii’c sJkiuji in l iy. u. ('n!\‘ 
iin Cliaiitber loealod soutji of tiio site -was prcdoaiinaut ly dowm.in 
site tlurinji iiioasnro)in.'nts. The north location was prcdov.inant 
t and west locatJons were predominantly c ro s s w i lul . 

'J'lu: annual ai/era^ie concentrations of radon as a function of 
direction were o.stji/iated nsinj^ tecliniques given by Haywood et 
alts are given for orf-site locations in Table 15; for selccte 
e locations see 'fable lb. Tlicsc estimatos indiciitc chat iweasii 
und the site should not; bo appreciably different in any direct 
111 the site. 

(ioncentracions of Long-l ived Rad lomic J ides in Air 

Saiupliug for airborne particulate matter was conducted siii’.ul 
2'’2 

h the Un sampling. Uesults arc shown in Table 17. General 
terns wore coinpai’able for those described for the radon measui 
o sliown in 'fable 17 are the more restrictive concentration gui 
111 U) t:t‘U 2U Appendix for airborne radionuclides. 

Lst iiiiatCHl annual average concentrations of airborne radioniK 
a point ou-sltc 50 ft north of the site center are given in T; 
so concoutrat ions were estimated by using resuspension rates i 
ded by lloaly'^ for wind and mechanical resuspension ot particui 
persion was similar to that used for radon; it was assumed th; 
no i)lumc depletion by deposition of particulates . 

As may bo seen in Table 18, estimated concentrations of airl 
nn Will ho less than 10 CI'U 20® guidelines to: 


Since site access is restrict 


resuspension for So of the year, 
assumption may be unrealistically conservative. 

Radionuclides in Surface and Croundvaters 

Results of radionuclide analysis of water samiJlcs coilecto 

April 1979 stream survey are given in Tabic 19. Stream samples 

downstream of the site do not contain appreciably higher concen 

of radionuclides tlmn tliosc samples collected upstream. Althou 

226 '’38 21' 

water samples from the ditches had Ra, U, and possilUy 

concentrations higher than background, all concentrations were : 

8 

an order of magnitude below the guidelines given in 10 CI'R 20. 
no specific analyses were performed for cl^cmical pollutants, a i 
□il sheen was present on Coldwater Creek between Banslicc Road ai 
Road. 

Sediment samples from the stream bed were also ccjllectcd di 

\pril 1979 survey. Results of analyses of t])csc samples are slit 

Fable 20. No upstream sediment sample from Coldwater Creek l\ad 
227^ 238,, 

Ac, or U concentrataons appreciably different from liackgrc 
■lowever, sediments from the drainage ditches did contain slight! 
levels of these radionuclides. 

Results obtained from water and sediment samples collected 
;he 1976 survey are shou-n in Table 21. These results are coiiipal 
(ith tliose obtained in 1979. Furthermore, results from water s. 
:aken during the 1978 survey, shown in Table 22, are also simll:i 
;hese results indicate that no detectable increase in radionucli 
-f water or sediment in Coldwater Creek can be attributed to run 


Iroundwatcr samples were obtained from drilled 

)76 and 1978 surveys. Analytical results are 

, *. • , *. *• ^ 258 ,, 230 .,, 

ipie contained a concentration of U, ih, 

g 

:ess of guidelines given in 10 CFIl 20. 


holes during bot 


shown in 'I'able 22 


226„ 210,,, 
Ra, or Rb 


SJTli TOPOGIMPHY 


\s an adjunct to the 1976 radiation survey and at the request c 
a topograplucal survey was made on January 4, 1977, The purpe 
:aining elevations on Che site was to determine wlicther tlicrc I 
1 cliange in the surface contour since the previous topographic 
' in 1971. Results of tiio survey are presented in Pig, 8. Ret 
:s topographic survey indicate that numerous points onsite arc 
iCT elevations than in 1971; in some cases, the .surface in 197' 
ft below the 1971 elevation. 

Since Che 1977 survey, numerous truck loads of clean fill dirt 
itc higliway rubble have been deposited on ti\c site by tl)c St. ] 
» Academy. Changes in surface contour between 1976 and 1978 ai 
clearly in the aerial photos shown in Pig. 9, 

SUWARY 


Umost half of the 49 surface soil samples taken at grid point; 

1 tlic fenced area contained noruial terrestrial concentrations i 

, U, and Ac. Ihe maximum concentration of Ra was 78 ] 
2'^7 

160 pCi/g; Ac-77 pCi/g. In contrast, practically all the 3! 
:e soil samples collected in the drainage ditches north aiid so 


'I'h 




Onnrl hncl 1 ;» t f»fl of nrif* nv Visfl i miiif 1 i n r»<; 


be ti\e 


result of surface water erosion of contaminuLcu mcc. 


J site. 

Subsurface contamination was found at depths to 19 tt in iiolc 
iite. Offsite contamination of ditches appears to bo confined t 

tl\in a few inches of Che surface. 

Hlcvated gaiiuiia radiation levels were found at both onsite and 

cations. 'I'he average gamma radiation level (at 1 in) inside tlic 

ca was about 15 pll/hr; in the ditches north of the site the aver 

i'G\ was about 60 uR/hr. These ditches are accessible to the goii 

blic; the site is not accessible. Tlic maximum level observed in 

e fenced area was 300 pR/hr; maximum in the ditches was .330 uR/h 

Surface beta-gainjna dose rates as high as '1. 6 mrad/hr were luca 

tlun the fenced area. A maximum of 1.6 mrad/hr was found in tlic 

tches nortli of the site. Currently applicable guidelines for .st 

ntariination and other radiological parameters are given in Appci' 

i'he emanation of “ Rn from the surface of the site was obsei 

be about 15 times the flux considered to be a world-wide avera^ 

Lue. However, measurements and calculations indicate that off-; 
•> 

“Rn concentrations are not influenced to any extent by the Airpi 
orage Site, 

Radionuclide concentrations in air and water samples were fa: 
low guidelines given in 10 CFR 20. Concentrations of radionucl 
re above background only in storm water runoff in the ditches d 
iC site and in groundwater samples taken from holes drilled onsi 
dionuclide migration does not appear to be occurring as a resul 
■oundwater movement. Surface water migration of radionuclides a 


burring in the drainage ditches borderijig the site; Coldwater 
not transporting activity «'iKay from t)ic site at this time, 
evaluation has been made ot* current radiation exposures at the 
s Airport Storage Site and is presented us Appendix V of this 
i’lic purpose of this evaluation is to present information whic 
init the reader to compare current radiation exposures from the 
normal background exposures for that part of Missouri, as well 
tifically based guideline values established for the protectic 
tion workers and members of the general public. 
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■s POINTS WHERE OFFSITE SAMPLES OR MEASUREMENTS 
TAKEN IN 1976 SURVEY 
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Fig. 2. Grid locations used for survey measurements at Former A£C Storage site. 


S-4 + 00 


— 00 + Qi-y 






















’W-IO^U 




• V-t 


I 

• -CO'9-t 


f'j ’ CC'Z -i 


I ^ vC * 9 ' ti 
= CO»fe*d 


: -00*0i-<l 


• -i-O-n-tl 


-GO'ird 

•( 

o. 


tvfd 


‘G0»S.-t 

• C0’9l *t: 

I 

• -00*/i-d 



■c o 



uu*8i-a 

— C0'6i -y 

-00’02-U 


C3*i2 (j 


!0^22<j 


Fig. 4. Location of points where beta-ganuna dose rate and gai-uiia radiation 
level measurements were made during the 1978 survey. 
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background soil samples in Missour 





Table 1. 


Uranium residues stored 
site (November 1965) 


at airport 


^^aste material 

1 onnage 

Uraniu 

Pitchblende raffinate 

74,000 

t oniiagi 

113 

Colorado raffinate 

32,500 

48 

Barium sulfate cake, unleaclied 

1,500 

22 

Barium sulfate cake, leached 

8,700 

7 

Miscellaneous material 

350 

2 

C-Liner slag 

4,000 ■ 

49 

Total 



~~ — — 

121,050 

241 


Structures and other fari i i ^ 

ertacilities on site CNovember i 


Reinforced concrete pit 200 x 42 x 12 ft 

Storage shed (concrete floor, transite roof) 
Railroad spur 

Loading platform (concrete) 

Truck wash pad (concrete) 


Three a ingle-story storage shacks (wood) 
Chain-1 ink fence 


able 2. 

(ioiicontralion of radionuclides 
1) a c k g rc) un d s amp 1 c s 

in Mis.souri 

e 

Radionuclide concentration 

CpCi/g} 

226 

Ua 

-"‘■Th 

238, j 



i.:s 

1.3 

1.7 

1 .3 


1 .:■) 

1.2 

1 .2 

.NID^ 


L. 1 

1.0 

1.2 

8.7 


1 

1.1 

1 . 1 

NO 


1 , 1 

1.2 

1.3 

18 



0.3 

0.3 

11 


1 . 1 

1.1 

1.1 

l.S 


0.8 

0.8 

O.R 

NO 


1.1 

L. 1 

1.1 

12 


1.0 

1.0 

0.8 

16 


^^Not clctcrmlnocl. 



^aiiipie analysis 


Grid 

location^ 


ion 


226 


Ra 


238 , 


S3+00/R22+00 
S2+50/R22+00 
S1+50/R22+00 
SO+50/R22400 
SO+00/R21+00 
S1+U0/R21+00 
S2+00/R2I+00 
S3+00/R21+00 
S0450/R20+00 
S1+50/R20400 
S2+S0/R20+00 
S3+50/R20400 
SO+00/R19+00 
Sl+OO/RlD+OO 
S2+00/R19+00 
S3 + 00/JU9+00 
S3+S0/R18+0O 
S2+S0/Ri8+O0 
S1+S0/R18+0O 
SO+50/iU8+00 
S4+00/R17+00 
S3+00/R17+00 
S2+00/R17+00 
Sl + 00/iU7+00 
S0400/R17+00 
SO-f-5o/Ri6400 
S1+50/R16+00 
S2+50/R16+00 
S3+50/iU6+00 
S3+00/R15+00 
S3+00/1U5 + 00 
S2+00/R15400 
Sl+OO/RlS+OO 
SO+00/RI5+00 
S3+75/R13+00 
S3+00/R13+00 
S1+00/R13+00 
SO+OO/RII+OO 
S2+00/R11+00 
S4400/Rn + O0 
S1400/R9400 
S3400/R9400 


1.5 

1.1 

2.8 

17 

3.7 

1.0 

1.0 

O.S 

1.7 
78 

1.2 

2.2 

58 

2.3 

1.0 

1.5 

1.0 

1.4 

1.5 

1.2 

0.9 

1.2 

2.3 

1.1 

3.4 

1.4 

1.0 

1.2 

1,1 

4.1 
1.0 
0.9 

1.1 

0.9 

43 

3.4 

0.9 

0.8 

1.0 

3.0 

1.4 

A n 


1.5 

1.0 

6.0 

13 

11 

0.9 

1.0 

0.6 

3.4 
120 
260 

6.5 

66 

2.6 

1.9 

200 

1.6 

1.6 

1.5 


1 . 


1.4 

1.4 

4.1 

1.3 
48 
11 

1.4 

1.6 

1.3 

21 

2.0 

1.1 

18 

1.3 
21 

8.1 

1.4 

1.1 

1.1 

2.9 

6.1 


Grid 

location'^ 

Radionucl idc 

concentrations 

(pCi/R) 

226,, 

Ra 

238^ 

O 'T 

S5+00/R9+UO 

25 

5.9 

13 

S0+O0/R7-^00 

3.2 

7.1 

4. 1 

S2 + (K)/I^7‘-00 

39 

a 

77 

S4 + 00/R7KK) 

1.3 

2.2 

Kl' 

Sl-i-OO/Rii + OO 

1.1 

1.8 

KF 

SS+OO/RS+OO 

1.1 

1.6 

Nl- 

S(K00/R3 + 0n 

1.1 

170 

KF 

SO-fOC)/R17 + nO 

1.4 

1.4 

KF 

SJ+so/Ry+oo 

1.2 

2.3 

NF 

S3+2S/Ry+25 

1. 1 

1.5 

0.5 

Sl+OO/liS-i ou 

1. 1 

1.8 

KF 

S5 + 2r)/lil0 + 50 

1300 

420 

1100 

33 + 75/1422 + 00 

2.9 

5.0 

Ki- 

S3+50/K21+00 

54 

210 

lo 

S3+75/H20+00 

110 

890 

24 

S3 + y0/RU) + 0U 

30 

180 

5.7 

S4+OU/R1«+00 

52 

280 

17 

S4+25/R17+0U 

8.4 

190 

3.1 

S4150/RIC+00 

11 

75 

4.4 

S4+75/R15+00 

6.7 

28 

6.0 

Sr) + 00/RI3 + OU 

7.1 

7.0 

3.6 

S5+50/R1 1+00 

230 

160 

140 

S5 + 50/Ry+0{) 

450 

240 

290 

S4+75/R7+n0 

72 

82 

ino 

S3 + 5a/Rf>+0U 

120 

99 

130 

S2+00/R3+()0 

4.5 

14 

3.7 

si+oo/Ri+no 

4.9 

13 

8.1 

S7 + 00/R12 + ()0 

94 

55 

160 

SO+50/RI4+00 

1.4 

3.0 

NI- 

S6+00/R16+00 

100 

13 

RO 

^5+25/R18+00 

120 

72 

81 

S5+00/R20+00 

16 

18 

1.5 

J 

26 

600 


S4+00/R5+00 

3.8 

2.7 


S4+00/RO+50 

8.9 

5.9 


S4 + 50/R7+00 

160 

170 

-- 

S6+00/R7+00 

1.5 

2.6 


S5+50/R9+00 

460 

430 


S5+50/R10+50 

90 

43 

-- 

S5+a0/R13+00 

74 

56 

-- 

S5+n0/R18+00 

23 

39 


SG+00/ R18+00 

91 

57 

-- 






i>d.inpie analysis 


Grid 

location^ 


jjadioiiuclide coiici^nt-rn^ 


226 


Ra 


238 


ions 


U 


S3+00/R22+00 

S2+50/R22+00 

S1+50/R22+00 

S0+5O/R22-fOO 

SO+00/R214-00 

S1+00/R21+00 

S2+00/R2i+00 

S3+OO/R21+0Q 

SO+50/R2U+00 

S1+50/R20+00 

S2+50/R20+00 

S3+50/R20+00 

S0+0()/Rl9+0() 

Si+00/Rl94-00 

S2 + 00/JU9+()0 

S3+00/IU9+00 

S3+50/R18+00 

S2+50/iU8+00 

Sl-^S0/R18 + 00 

SO+50/R18+00 

S4+00/Ri7+00 

S3+00/U17+00 

S2+00/R17+00 

S1+00/R17+00 

SOHOO/R17+00 

S0+50/R16+OO 

S1+50/R16+00 

S2+50/R16+00 

S3+50/R16+00 

S3+00/IU5 + 00 

S3+00/R15+00 

S2 + 00/R15-f-00 

Sl+OO/RlS+00 

50- f-OO/RlS+OO 
G3+75/R13+00 
S3+00/R13+00 
S1 + 00/RI34-00 
SO+OO/Rii+oO 
S2+00/R11+00 
S4+00/Rll-t.00 

51- I-00/R9 + 00 
S3+00/R9■^00 


1.5 
1.1 

2.5 

17 

3.7 

l.{) 

1.0 

0.5 

1.7 
78 

1.2 

2.2 

58 

2.3 

1.0 

1.5 

1.0 

1.4 

1.5 
1.2 
0.9 
1.2 

2.3 

1,1 

3.4 

1.4 
1.0 
1.2 

1.1 

4.1 
1.0 
0.9 

1.1 

0.9 

43 

3.4 
0.9 
0,8 
1.0 
3.0 

1.4 

A n 


l.S 

1.0 

6.0 

13 

11 

0.9 

1.0 

0.6 

3.4 
120 
260 

6.5 

66 

2.6 

1.9 

200 

1.6 

1.6 

1.5 

1.5 

1.4 

1.4 

4.1 

1.3 
48 
11 

1.4 

1.6 

1.3 

21 

2.0 

1.1 

18 

1.3 
21 

8.1 

1.4 

1.1 

1.1 
2.9 

6.1 


I 

f 

2c 


1 


2 

N 


Grid 
local ion 

Radionuclide 

cojiccntrations 

(P^-i/8) 

226„ 

Ra 

2S8u 

227. 

Ac 

SS + 00/R9-''0n 

25 

5.9 

] 3 

S0+00/R7 + ()() 

3.2 

7.1 

4 . 1 

S2-t-U0/R7 + 0U 

39 

c 

77 

S4+00/U7^0U 

1.3 

2.2 

N4' 

Sl+OO/KS+OO 

l.l 

1.8 

N'l’ 

S.3t-00/R5 + 00 

l.l 

1.6 

NP 

SO+00/R3+00 

l.l 

170 

NP' 

so+oo/ia 2 +oo 

1.-1 

1.4 

N'P' 

SI i-50/R9 i-OO 

1.2 

2.3 

KP 

53+23/119 >-23 

1.1 

1.5 

0.5 

Sl+OO/RS+00 

1.1 

1.8 

Nl' 

S5 + 23/Rl() + 50 

1300 

420 

1100 

S3+73/R22+(in 

2.9 

5.0 

NP 

S3 + 5n/R2l + ()U 

54 

210 

13 

S3+75/R2U+00 

no 

890 

24 

S3+90/R19 + 0() 

30 

18U 

5.7 

S4 + 0()/RL8 + 0() 

52 

280 

17 

S4 + 25/R17 + 0() 

8.4 

190 

3. 1 

S4+r>0/Rl() + 00 

11 

75 

4.4 

S4 + 75/R15 + ()U 

6.7 

28 

0,6 

Sn+OO/R15+0n 

7.1 

7.0 

3,6 

S5+50/Rll+n0 

230 

160 

140 

S5+50/R9+00 

450 

240 

290 

S4+75/R7+0U 

72 

82 

ino 

S3+.S0/R5 + ()n 

120 

99 

130 

S2+OO/R3+00 

4.5 

14 

3.7 

Sl+OO/RltOO 

4.9 

13 

8,1 

S7+Oa/Rl2+00 

94 

55 

160 

S6+50/R14+00 

1.4 

3.0 

NP 

S6+00/R16+00 

100 

13 

80 

3S+25/R18+00 

120 

72 

81 

SS+00/R20+00 

16 

18 

1.5 

J 

26 

600 

__ 

S4+00/R3+00 

3.8 

2.7 

-- 

S4+00/RO+50 

8.9 

5.9 

-- 

S4+50/R7+00 

160 

170 

-- 

S6+00/R7+00 

1.5 

2.6 

__ 

SS+50/Ry+00 

460 

430 

-- 

S5+50/R10+50 

90 

4 3 


S5+00/R13+00 

74 

56 

__ 

S5+OO/R]8+0n 

23 

39 

-- 

S6+00/Ri8+00 

91 

57 

-- 




S0H)a/R14+00 S4 

S.H00/R19+00 15 

S5 + .50/R18+00 8.4 

S4 + 50/IU7 + 00 18 


'-j'c I ig. 2 tor sample location. 

■ tiiis table, "not found" (Nf) means tliat: the an irily 
; U ..is belo'.v tlie limit of detection of tlic system (Ic'si riht 
II. 

-- = lUii radionuclide not determiiiod in this samp If. 

'V .'.I'ple.s desiijnate those taken where inscctivoi-e aei iv^i 


'•UMni sanple with No. 47. 

* i.'iis sai.ipie was taken outside the fence. 

'.ryles designate those taken along the fciiee at tlie luu 
.^r' til!, property. 


■!i sa-.j'les designate those taken in the drainage pathway 
aro.ai ivoad. 


l.AOi sanples designate those taken in ditches noi'Ch (if i 
in; tno Id.S survey. See Fig. 5 for samplo locntions. 
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random locations, 1978 survey 


m])le 
gnat Lon 


Location 




Depth of 
sample^ 


ert) 


238. 


(pCi/gj 


(I 


CIA 

S3+()0/IU4 + 00 

0-5 

18 

,C2A 

S3+S0/IU0 + O0 

0 - 20 

2.5 

.C3B 

S4■^-00/R8^■00 

0 - 20 


C'lB 

S2+0()/R8h-00 

S^l.S 

64 

C5A 

S1+UO/R6+00 

0-20 

22 

.C6A 

S1+00/U2400 

0 - 20 

35 

.C7A 

S2+00/R4+00 

0-20 

69 

eSA 

S3+0()/R6 + ()0 

0-20 

1.7 

OJA 

Sl+OO/RlO+OO 

0 - 20 


ClUli 

S0+10/R12+O0 

02.0 


,C11B 

S2+n0/R12+00 

Oi.5 

38 

CUB 

S4+00/R12+00 

02.5 


.C13A 

Sl + 00/Rl4-^00 

0 - 20 

10 

CMA 

SO+50/R16+00 

0-20 

18 

,C;i5A 

S2+00/IU6 + 00 

0 - 20 

1.3 

C16A 

S4 + 00/fU6+00 

0-20 

_ - 

C17A 

S.3 + 00/Ria + 00 

0 - 20 

96 

,C18A 

S1+00/R18+00 

0 - 20 

7.1 

C19A 

S0+65/R2O+OO 

0 - 20 

8.3 

C:20A 

S2 + 00/U20-'-00 

0-20 

51 

,C21B 

S3+40/R20+00 

i'0.5 


,C22A 

S1+00/U21+70 

0 - 20 

18 

,C23A 

S3+00/R214-30 

0 - 20 

3.6 

,C25A 

so+io/R4+oa 

0 - 20 

4.3 

,C26A 

S5+00/R14+00 

0-20 

1.8 

.C27A 

S6+00/R10+00 

0-20 

__ 

,C28A 

S5+00/R6+00 

0-20 

1.2 

,C29A 

S4 + 00/R4-h00 

0-20 

1.4 

,C30 

S3+00/R2-t-00 

0-20 

-- 

,C31A 

S4+25/R13+25 

0 - 20 

-- 

,C32A 

S5 + 50/R20-t-00 

0-30 

1.4 

,C33A 

S6+95/R8-t-80 

0-20 

1,0 

.C34A 

S4 + 20/R18-*-50 

0-20 

1.1 

,OS50A 

S4+00/R5+50 

0 - 0.3 

390 

.OS50B 

S4+00/R5+50 

0 - 1 

38 

,0S51 

S4-t-00/R5-H50 

0-2 

— 


1 


“^See i'ig, 5. and Tig. 6. 

^Samples representing a range were composited from auger turn: 
lies representing a specific depth were removed from a side of 
led hole. 


I Jiir;: ificiOLTu 


Oej)th of 
soil siimplc 
U't) 

Kad ioiuicl icie 

226,. 

Ha 

COJICO 

" .538 

O.u - 0.5 

1 .0 

I 

iJ.r. - 1.0 

0.8 

1 , 

1.0 - 1.5 

1.1 

{>. 

1.3 - 2.0 

190 

88(1 

1.0 - 0.5 

1.3 

1 . 

0.5 - l.O 

150 

220 

2.0 - 2.5 

28 

'l!) 

2.5 - 5.0 

2.0 

H 

-^.U - 5.5 

3.2 

32 

3.0 - .i , 0 

12 

70 


- 0.5 
0.5 - 1.0 
1.0 - 1.5 
1.5 . :.o 

-.0 - i.7 


2.8 

1.2 

68 

2.6 

15 


J . 

\-M) 

500 

120 


(».U - 

0.5 

O.S - 

1.0 

i.O - 

1.5 

1.5 - 

2.0 

2.0 - 

2.5 

> 

5.0 

.i.O - 

5.S 

5.5- 

4.0 


1.9 

‘ 1.1 

‘ 1.8 

1.1 

1.6 

i.S 

1.1 

1.2 


w , \ 

2 .^ 

1.1 
l.‘i 
1 . 6 
1.2 
l.‘l 


0.0 - (K5 

0.5 - l.O 
1.0 ' 1.5 
1.5 - 2.0 


530 

1000 

52 


82 

300 

.32 

22 


0.0 - 0.5 
- l.O 
1-0 - 1.5 

1.5 - 2.0 


3.8 

1.5 

1.1 

1.1 


^,5 

0.8 

2.2 

3.7 





Table 6, (Continued) 


tion 

Depth of 
soil sample 
(ft) 

Radionuclide 

concentrations 

(pCi/j 

226,, 

Rh 


Ac 

3. 16 





/Rr> + 75 

0.0 - 0.5 

1.6 

1 . 3 

1.0 


0,5 - 1.0 

1.2 

1.0 

Nl- 


.1.0 - 1.5 

1.3 

o.y 

Nl-' 


1.5 - 2.0 

1.1 

0.8 

Kl- 


5cc I-ig. 2. 

In this tabic, "not found” (NI*) means that ttic observed aetivitj 
sample was below the limit of detection ol’ the ganmia-ray 
:;scopy system. 










'I'alUc 8. lixtcrna] radiation levels at I .ibow- tin lU'ni 

and l)cta-gamina radiation levels at 1 .:;ii abow tiie 
ground at grid points inside tlu* fenced area 


Location 


lixternal gamma radiation 
levels at 1 in 
(uR/hr) 


Bcla-gai'iiina rad i at 
level:' at I cii 
(:;irad/hr 1 


l +()()/ Rl)’i 00 
) + tK )/ Rl + 0 () 

1- K)t)/R]+00 
. 1 -> () C 1 / Ii 2 t oo 
I t-Ot)/Rd + 00 
I t 2S/Rd-t-00 
.)M)O/R;Vt-00 

1 K)()/R8 + U(l 
2 +() o / r : vk)o 

0 + OO / Rd-tOO 
li - OO/lM + OU 
24 - oa / R < H 00 
ot O ( i / r :) K )0 
ih-()o/u:vK)o 

2 + 00 / R 8+00 
.■^ H - no / RS + oc ) 
t)-i CIO / RO - I-OO 

1 1 -() U / R ( n 00 

2 - t Cl ()/ R 6 - K )0 
;^-<()()/ RO+oo 
0 -* C ) 0 / R 7 - t -00 
M - 00 / R 7 + 00 

2 + O 0 / R 7 + U 0 
3 + 00 / R 7+()0 
4 + 00/117 + 00 
0 +() 0 / R 8 + 00 
.1 + 00 / R 8 + 00 
, 2 + 00 / R 8+00 
; 8 +- 00 / R 8 + 00 
;4 + 00 / R 8+00 
; 0 i - OU / R 9 + 00 
;i + 00 / R 9 + 00 
;2 + 0 ()/ R 9+00 
; 3 + 00 / R 9 + 00 
14 + 00 / R 9 + 00 
; S - t - 00 / R 9 + 00 
JO + OO/RlO + 00 

; i + oo / Rio+oo 

J 2 + 00 / R 10+00 
i 3 + 00 / R 10+00 
14 - i ' OO / RlOt-OO 
.i.nn /I? 1 o + nn 


31 

7 

14 

7 
6 

26 

8 
6 

10 

5 

7 

6 
7 
6 
7 
9 

10 

7 

10 

8 

9 
7 

24 

10 

16 

7 

8 

18 

14 

15 

10 
11 
10 
14 
38 
65 

7 

9 

10 

12 

27 

71 


0 . 1 8 
0. Il l 
('.Of) 
0.03 
0 . 03 
0.20 
0. 03 
0.03 
0.0b 
0 . 0.3 
( 1.03 
0.03 
0.03 
0.03 
0 . 03 
0.05 
0.04 
0.03 
0 . 03 
0.03 
0 . 0.3 
0.03 
0.08 
0.03 
0.03 
0.03 
0.03 
O.Oo 
0 . 0.5 
0.03 
O.O.S 
0.04 
0.03 
0.03 
0.13 
0.20 
0 . 04 
0.02 
0.03 
0.03 
0 . 04 
0.34 


Table 8. (Coiitinucd) 


External gamma radiation Bcta-gatiima 

I.ocjiioii levels at 1 m levels at 

([iK/hr) (iiirad/hr 


S 1 t-DM/Kl 1 + iii) 

9 

S2m)i)/K 1 It-ilO 

27 

.s.i+-oo/:u 1+00 

26 

Si+on/lilUiKi 

30 

.s.3^oo/iai+oo 

44 

SO + OD/iUJ + OO 

11 

St+(Hi/lU 2^-00 

9 

5>nil/!U 2 + 01) 

16 

S3-*-O0/lil2 + (lO 

J5 

S-; + 0('/Ki2 + n0 

31 

sr)+iio/!U2+oo 

29 

.Si)+00/kl.3+()0 

12 

.Si+00/Ki.3+()() 

9 

s:+o(j/iu,i+0(j 

14 

S3 + 00/li] 5 + OU 

13 

5 UUU/1U3+01J 

32 

S 0 + 0 i)/[f u + oo 

12 

Sl+OO/IU-lMlO 

12 

SJMln/lil-l + DO 

18 

S-itiiD/UM+OO 

20 

S l + 0(i/[U4 + 0() 

24 

sio-(M)/ui:.+oo 

11 

so )-.30 . jf 1 :) + i)[) 

0 

SlMU)/K1.5 + i)ii 

9 

.Sl+.3l)/UI5 + l)(J 

6 

S2H)0/in.3n}0 

6 

.S2 + 5O/!a.5-)(i0 

9 

S.i + oo/if LS + OO 

11 

S.3t5o/|;i5 + i){) 

12 

S-1 + OU/!U5^00 

14 

S4 + 5{)/Rl5 + 00 

16 

SU + 0U/l^l.S^30 

7 

SO+SO/RiS+SO 

5 

Slf00/R15 + .S0 

(3 

SI +.5()/Rl 5 + 50 

5 

S2+0{)/R15 + .5i) 

1 0 

s:-»-sn/Rj5+5o 

J. \J 

25 

S.5 + 00/RI5 + .Sn 

1 3 

S.5+5O/R15 + 50 


S4+i)n/R15+5U 

X o 

1 Q 

54+SO/R] 5+50 

X 

N 1 

S0+(RVKIo+00 

A 

SU+.50/Rl(,+0(} 

0 

8 


().()'] 

O.O.S 

o.o.s 

O.O'I 

l).()7 

O.Of) 

n. or) 

0. O.'i 
0.14 
0.09 
0.02 
O.O.'S 
0.04 

o. or) 
0 . 0 () 
O.O;') 
0.04 
O.Of) 

o.os 

0. II 
0.04 

o.o.s 

0.04 

o.o:^ 

0.0. s 

0, O.'^ 

o.o: 

0.03 

0.03 

o.o:') 

0.04 
0 . 0.3 
0.04 
0.04 
0.02 
0.06 
0.05 
0.05 
0.03 
0,06 
0.03 
0.03 



T;jblc 8. (Continued) 


llxternal gaiiuna radiation Rcta-gamina radiati.i 


:at ion 

lev'cls at 1 m 
(tiR/hr) 

levels at 1 cm 
(mrad/lir) 

:V[n6+oi> 

6 

0.02 

J/Rl(j + 00 

6 

0.03 

:)/ia6+{)0 

11 

0.03 

:j/ri6-k)o 

1.1 

0 . 04 

:)/RK)+()() 

13 

0.03 

n/RKn-OO 

15 

0.03 

:)/Ri6+()() 

18 

0.07 

D/lU6 + ()0 

28 

0.06 

:)/Ri(>+50 

6 

0.03 

;)/R16+50 

7 

0.04 

3/IU6+.SO 

6 

0.02 

:)/RU)+50 

12 

0.03 

D/IUG + SO 

7 

0.03 

3/R16+50 

7 

0.03 

:)/Rih+r)0 

8 

0.04 

J/Rlb+50 

7 

0.05 

:)/lU6+5U 

8 

0.05 

:VKi6+so 

29 

0.05 

J/R17+00 

7 

0.06 

R/R17+00 

6 

0.03 

:)/R17 + 00 

6 

0.03 

n/R17+00 

7 

0.03 

3/R17+00 

8 

0.03 

3/R17H-00 

7 

0.03 

0/H17+00 

7 

0.04 

J/R17+00 

8 

0.06 

D/R17+00 

12 

0.05 

VR17-t-00 

23 

0.09 

D/R17+50 

7 

0.05 

3/R17+50 

7 

0.02 

[)/R17-i-50 

7 

0.04 

VRi7+50 

-7 

$ 

0 . 05 

D/U17 + S() 

8 

0 . 04 

D/R17+50 

7 

0.04 

3/R17+50 

8 

0 . 04 

0/R17+50 

7 

0.03 

0/R17+50 

14 

0.05 

0/R18+O0 

10 

0.06 

y/R18+00 

7 

0,03 

D/U18+00 

9 

0.03 

D/R18+00 

6 

0.04 

0/R18+00 

7 

0,03 

D/R18+00 

9 

0.05 

n/R18+00 

10 

0.03 




S.3 + 50/U18 + 00 

9 

0 . 0 . 

S4+00/R18+00 

15 

0 . 0 ^ 

SO-^OO/IUS+SO 

32 

o.r 

SO+50/R1B+5O 

7 

0 . 0 . 

S1+00/R18+50 

8 

o.o; 

Sl+S0/R18 + r)0 

10 

0 . 0 . 

S24-00/I118+.SO 

9 

0 . 0 . 

S 2 v 50 / Ri 84-50 

10 

0 . 0 . 

S 3 + 00/IU8 + 50 

26 

0 . 0 ' 

S3+50/R18+50 

20 

0 . 0 . 

S4+00/R18+50 

17 

0 . 0 ( 

SO+00/R19+00 

43 

0.2 

SO+50/R19+00 

20 

0 . 0 { 

SU00/R19+OO 

9 

0 . 0 . 

S1+50/R19+00 

8 

0.0^ 

S2+00/Riy + 0 (J 

8 

0.0 

S2+50/R19+00 

13 

0.0 

S3+00/R19+00 

20 

O.l 

S3+50/R19^00 

27 

0.0 

S4+00/R19+00 

29 

0.0 

S0 + 00/1U9+50 

39 

0.2 

S0+3Q/R19+5O 

18 

0.0 

S1+0O/R19+SO 

32 

0.1 

S1+50/R19+50 

12 

0.0 

S2+00/R19+50 

9 

0.0 

S2+SO/R19+50 

10 

0.0 

S3+00/Ri9+50 

11 

0.0 

S3+50/R19+50 

29 

0.0 

S4+00/R19+S0 

20 

0.0 

SO+OO/R20+O0 

30 

0.1 

SO+5O/R20+OO 

37 

0.1 

S1+00/R20+00 

30 

0.0 

S1+50/R20+00 

39 

0.0 

52-f-00/R20+00 

18 

0.0 

S2+50/R20+00 

16 

0,0 

S3+00/R20^'00 

15 

0.0 

S3+50/R20+00 

26 

0.0 

S4+00/R20+00 

19 

0.0 

S0'^00/R20+50 

29 

0. 1^ 

SO+50/R20+50 

20 

0 . 0 . 

Sl + 00/R20-f-50 

18 

0 . 0 ^ 

S1+50/R20+50 

46 

O.IJ 

S2+00/R20+50 

73 

0 . 2 ( 

S2+50/R204-50 

13 

0 . 0 ' 



Table 8, (Continued) 


Location 

External gairana radiation 
levels at 1 m 

CljR/hr) 

Bcta-gaiiinia rad; 
levels at 1 
(mrad/hr) 

i3-fO0/R2O+5O 

12 

0.05 

;3h50/R20+50 

18 

0.06 

iO+00/R21+00 

17 

0.07 

;0-t-50/R2l400 

7 

0.03 

il+00/R21+00 

8 

0.03 

51+50/R21+00 

16 

0,05 

52400/R21+00 

12 

0.04 

i2450/R21+00 

10 

0.05 

;3+00/R21+00 

7 

0.03 

J3450/R21+00 

27 

0.09 

J0+00/R21+50 

31 

0. 10 

J0+50/R21+50 

12 

0.04 

5H-00/R21450 

18 

0.06 

U+50/R21+50 

10 

0.06 

;2+00/R21+50 

8 

0.03 

>2+50/1*21+50 

16 

0.06 

>3+00/R21+50 

9 

0.04 

)3+50/R21+50 

19 

0.05 

JO+00/R22+00 

9 

0.04 

;0+50/R22+00 

9 

0.05 

>1+00/R22+00 

17 

0.04 

51+50/R22+00 

20 

0.04 

52+00/R22+00 

11 

0.05 

>2+50/R22+00 

10 

0.05 

>3+00/R22+00 

80 

0.04 

J3+50/R22+00 

9 

0.02 



Table 9. 

External gamma radiation levels 
and beta-gamma radiation levels 
ground in the fine grid area of 

at 1 
at 1 
I-ig. 

Ill above tiie 
cm above the 
3 


External gamma radiation 


Beta- gamma r; 

Block No. 

levels at 1 m 



level.s at . 


(uR/hr) 



(iiirad/lr 

1 

55 



0.27 

2 

140 



2.3 

.3 

a 



b 

A 

a 



h 

5 

83 



0,86 

6 

71 



2.3 

7 

a 



h 

8 

a 



b 

9 

120 



1.1 

10 

31 



0.46 

U 

240 



4.6 

12 

25 



0.26 

1.3 

23 



0.14 

14 

240 



4.6 

15 

29 



0.46 

16 

a 



b 

17 

a 



h 

18 

a 



b 

19 

a 



b 

20 

500 



4.6 

21 

250 



2.9 

22 

47 



0. 29 

23 

29 



0. 14 

24 

36 



0.16 

25 

a 



b 

26 

a 



h 

27 

270 



l.S 

28 

55 



0.23 


‘^Approximately 8 viR/hr (near background). 
Approximately 0.02 mrad/hr (near background). 





dose rates at locations in area outside fence 
on nortli side of site from fence to Brown Koad 


(Irid 

location 

Fixternal gamma 
radiation level 
at 1 in 
(uR/hr) 

Bet a- gamma 
dose rate 
at 1 cm 
(mrad/hr) 

Sr> + 00/RS + 5() 

35 

0.03 

S'l+(i()/KS + 50 

40 

0.02 

Sd-t-20/R5+60 

130 

0.11 

S-1+(UVR3 + 7U 

180 

0.43 

S:i + 00/R4'KT0 

60 

0.0(i 

S:S-i-4(}/U4 + 50 

30 

0.03 

Sr^+75/U4+50 

20 

0.03 

.S4 + lU/K4-^40 

15 

0.05 

S4 ■t 4l)/lM>-4U 

15 

0.03 

S-l+(>5/IM''-40 

10 

0.05 

S2+25/U2+2S 

20 

0.03 

Sd + liS/Ro + dfi 

15 

U.02 

S3+00/U3+20 

20 

0.02 

s;5 1-20/14^ + 20 

10 

0.U2 

s:v+riS/R;s+i() 

10 

0.02 

S4+U0/R.'^+00 

lU 

0.02 

S‘1 + 20/R:5 + 0() 

10 

0.02 

Sl+.IO/Rl ^90 

30 

0.03 

Sl+00/Rl+8!; 

20 

0.02 

S4 + in)/R!+80 

1 5 

0.02 

S2+O0/R1+70 

1 5 

0.02 

S2+G0/Rl + 7() 

10 

0.01 

S3 + 0()/R1 + 70 

10 

0.03 

S;vt-30/Rl+6U 

10 

0.0) 

s3+on/Ri+o(i 

10 

0. (11 

St)+3()/RO+4U 

20 

0.05 

SO+60/K0+40 

10 

0.02 

S.l ■1-00/140+41) 

10 

0 . 02 

31 +20/140+40 

10 

0.01 

Sl+OO/RO+40 

10 

0.01 

S2+00/R0+4U 

10 

0.01 

S2+30/R0+40 

10 

0.01 

S2+70/I40+40 

10 

(} . 0 

A A A 

S3+00/R0+40 

10 

0 . 02 

A J *7 

S0+3U/R0-30 

80 

0 . 1 

51+30/14-2+40 

55 

0.04 

S4+70/R7+30 

220 

O.SO 

S5+-00/147 +23 

100 

o.os 

n AC 

SS+20/R7+20 

40 

U . U J 

A AO 

S3-W10/R7 + 10 

30 

A TO 

55+10/RS+20 

150 

U . 2U 

A A 1 

S5+30/R8+20 

70 

U . U'l 



Table 10. (Continued) 




External ganmia 

Bcta-g 

vocation 

Grid 

radiation level 

dose r 

No , 

location 

at 1 in 

at 1 



(vR/hr) 

(mracl/ 


44 

55+70/R8+10 

45 

0.03 

4 5 

S5+40/R9+30 

350 

1.6 

46 

S5+60/R9+30 

220 

0.50 

47 

S5+40/R9+70 

85 

0.03 

48 

S5+70/R9+70 

180 

0. 17 

4y 

S5+70/R9+70 

95 


SO 

SS-^40/R10+60 

270 

0.69 

SI 

S5 + 70/1U0+60 

1.50 

0.11 

S2 

S5+30/R11+S0 

115 

0.47 

53 

Sr>+7U/Rli+50 

70 


54 

SS + 10/R124-S0 

45 


55 

S5+40/R12+50 

130 

o.is: 

56 

S4+g0/R13+60 

45 


57 

S.5 + 10/R13+60 

65 


58 

S4+50/R15+20 

no 

0.0' 

50 

S4t80/R15+20 

70 

0.0( 

60 

S4+-20/HIO+80 

30 

o.o: 

61 

S4+50/R16+80 

30 

o.o: 

62 

S4 + 00/lU7+8() 



6.3 

S4 + 20/IU7+80 

25 


64 

S.3 + 80/IU9+20 

95 


65 

S4+00/U19+30 

40 

NR 


Sl-wlO/lU+00^ 

d 

o.o: 


S2-K)0/R2+00 

d 

0.01 

- - 

S2+50/K5+00 

d 



S3-^n0/R4+O0 

150 

0.01 


S3+50/R5+00 

d 

O.Of 


S4-t-0fl/R5-^00 

190 

0.29 


S4 -*-25/116400 

50 



S4-*-l)0/R6+00 

120 

0.57 


S4-*-75/R7-^00 

30 



S5-HO0/R7+OO 

140 

0.46 


SS+2S/R8+00 

40 

0 . 06 

__ 

S5 + 0(l/R8+00 

no 

0.46 


S5460/R9400 

100 

0.57 


S5 425/R9-*'00 

240 

1.4 


.S5-*-75/(U0400 

65 

0.29 


SS-t-SO/RlO+OO 

90 

0.29 


S5-t-60/Uli+00 

70 

0.14 


S5+50/U11+00 

230 

1.0 


S5+50/R12-HOO 

40 

0.13 



Table 10. (Continued) 


ation 

0. 

Grid 

location 

External gamma 
radiation level 
at 1 m 
(pR/hr) 

Beta-gam 
dose rat 
at 1 cm 
(mrad/hr 


S5-t-25/R12-t-00 

35 

0. 07 

- 

S5+25/R13+00® 

85 

0.46 

- 

S5 + 00/R134-00 

25 

0.09 

_ 

S5 + ()0/R14 + 00 

35 

0 . 06 


‘^Location lumbci's 1 through 65 represent measurements taken 
ing the 1978 survey and are shown in Fig. 4. Approximate grid 
ations of tliesc points arc given so that comparisons with other 
a may be made. 

\'R = No reading taken at this location. 

^Locations without a designated location number were measured 
the 1976 survey. 

^Rending was approximately 8 pU/hr (near background) . 

^At tliis point, a drain culvert leads to ditch on north side 
Brown Road. 




Table IL. Kxternal ganuna radiati-on Levels and beta-f;a! 

dose rates at locations north of Brown ILoad 




Rxtcrnal gamma 

Be 

location 

Grid 

radiation level 

do 

Ko, 

] ocation 

at 1 in 

a 



(pR/hr) 

(ill 


66 ^ 

.S5+-20/R20+20 


67 

SS+-00/R20^-20 

Nir 

68 

SS-t-80/Rt9+30 

60 

69 

S.S + 30/R18^•20 

60 

70 

S6 + 00/1U8+20 

80 

71 

S6+60/1US+50 

90 

72 

S5+90/R15+50 

4S 

73 

S6+60/R13H-70 

60 


S7 + 00/RL2+00‘^ 

15 


S6+S0/R14-^00 

90 

-- 

S6+00/R16^-00 

90 

-- 

SS+25/Rl8*00 

70 

-- 

SS+00/R20+00 

25 


‘^I.ocation nos. 66 tlirough 73 represent iiicasuroinent.s take 
the 1978 survey and are shown in Fig. 4. Approximate grid Ic 
o£ these points are given so that comparison with other data 
made. 

^NU = no reading taken at this location. 

bocation.s without a designated location no. were moasui 
during the 1976 survey. 
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luoie ij>. 


Kaaon emanation rates as measurea 
using charcoal canisters 


Canister 

No . 

Location 

Radon enianqtion rate 
(pCi/m'-sJ 

3 

Sl+OO, R20+00 

0.28 

6 

S44-25 , R13+25 

n 

7 

S3+50, RIO+OO 

CM 

9 

N' of Brovm Road 

0.78 

15 

33+00, R18+00 

7.7 

17 

Sl+00, RlO+00 

1.0 

18 

31+00, RlO+00 

7.2 

18A 

31+00, R14+00 

14 

36 

Sl+00, R6+00 

6.6 

41 

N of Di'own Road 

0.08 
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Center of site is approxim.-itcil by coordinates Si*50/R12'‘00. 


lable 16. Calculated radon-222 concentration 
on the St. Louis Airport site 


Distance from 
center of site'^ 

(ft) 

Concentration 

(fCi/liter) 

50 

130 

100 

130 

150 

120 

200 

no 

250 

90 

550 

70 

500 

4U 

650 

30 


^^Measured from the center of the site 
[S2+50/1U2+00) in the northern direction. 


Table 17. 


Concentrations of long-lived radionuclides in 
(fCi/in'^) measured near tlie site in 1978 


Location*^ 

226„ 

Ra 



238^ 

227^ 

Berkeley Park — 
north of site 

<8 

4 

20 

5 

0. 

ft east of 
fence — east of 
site 

<5 

12 

10 

4 

0. 

'VlO ft soutl\ of 
railroad tracks — 
south of site 

<7 

10 

30 

4 

1 . 

parking lot — 
west of site 

<14 

13 

30 

5 

1. 

10 CFR 20 Guide- 
line 

2000 

80 S 

4000 S 

300 S 

80 


^Locations shown in Fig. 5. 

^Moro restrictive guide is given; S = soluble, I = inso 


IS. I .si. iivat I'J .iiijiusil average concentration of airborne 
r.ij I ;i)es ut lifitJ location S.l+OO/Rl 2* 00 (SO I'L 
north >'i' site- cfiuerj attrij»ui;iblc to rcsusi'onsion 
I'rt'iK a 1 1 c •njrr.ice 


le ) ilk' 

1. 

Wind re 

■It i i.. lied annual avelMijc 
conn-jit r;»i ioj) i|Ha/ia''y 
•n: .jiL'Ms ! on Mi- chan i ca 

a i rhoriie 
dae to 

il |•csn.s•)en.sion 

10 CFk 20 guiiS 
cDjicent rat il 
(pCi/ni ) 

Oi 

1 ’ 

lU'^ 

O.Oi 

3 

(h 

1 > 

lu ^ 

tJ.O.S 

0.08 



-ll 



\c 

ti :< 

lu • 

U.Ul 

0.08 

J 

•1 - 

lu'" 

0.1 

3 

Ml 

1 ^ 

K)-^ 

0.0. i 

4 



Table 19. I^aclionucl iclc concentrations (pCi/liter) in 
offsite water samples, April 1979 


Location 

226,, 

Ra 


■^30 

-^^Th 

'>97 

A 

Coldwater^ Creek scvirplea: 





'vl.6 miles upstream of SO+00 
(at old Natural Bridge Road) 

<0.5 

<3 

<0,5 

<0.5 

■^^60 ft upstream of SO+00 

<0.5 

4 

<0.5 

<0.5 

at SO+OQ 

<0.5 

3 

<0.9 

<0.9 

•downstream at SO+95 

<0.5 

.■) 

<0.5 

<0..S 

downstream at S2•^00 

<0.5 

1 

<0.9 

<0.9 

downstream at S3+10 

<0.5 

5 

<4 

<4 

downstream at S5+O0 

<0.9 

1 

<14 

<14 

downstream at S6+O0 

<0.5 

2 

<0.9 

<0.9 

Drainage Ditch samples: 





south outfall at 'vS0*-30 

0.9 

3 

<5 

<5 

ditch on south side of 

Brown Road (North outfall) 

1.8 

11 

<0.5 

<0,5 

ditch on north side of 

0.9 

8 

<5 

<5 

10 CFR 20 Guideline 

30 

100 

2000 

2000 



beaiinent samples, April 1979 


Location 

226,, 

Ra 

'>77 

Ac 

238^ 

cheater' Creek ecuvplesr. 




'0 ft uj)stream of SO+00 

0.72 

^0.04 

0.69 

SO+00 

0.71 

<0.04 

0.69 

wnstrcaiii at SO+9r) 

1 .06 

<0.04 

0.75 

■wnstreain at S2 + 00 

1.08 

<0.04 

0.75 

wnstrcaiii at S.'S+IO 

1.05 

<0.07 

1.15 

wnstreain at S^+OO 

1.24 

<0.3 

1.08 

wnstrcaiii at S5+00 

1.33 

<0.04 

1.21 

wnstreain at Sb'i-OO 

1.18 

<0.04 

1,57 

ina'je Ditch (HMnylei) \ 




util outfall at 'i-SO+.'^O 

2,02 

<0.06 

9.8 

tell on south sUlc of iJrown 
ad (north outfall) 

5.09 

0.54 

15.7 

tch on nortii side of fh’own 
ad 

2.29 

0.87 

8.2 
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Tabic 22. Kadianuclide concentrations (pCi/liter) 
in water samples, ]978 .surrey 


Location 

210p, 

238, 

'loldwatcr (Ireck upstream from site, 
at Norfolk and We.ste 2 ’n RR cros.sing 

<4 

<3 

Drainage ditch at SiV corner of site 
at Coldwatcr Crock 

<4 

<3 

Coldwater Crock, 100 ft N of Brown 

Road l)ridgc, downstream from site 

4 

<3 

0.74 mi downstream from site in 
Coldwatcr Creek 

5 

<3 


Table 23. Concentration of radionuclides in I’roundwntcr s.ini])l 


Sample location 

Depth at which 
water encountered 
(ft) 

Radiomiclidc coiiccntrai i on (p 

238., 230.,,. 220,, 

U III Ra 

Hole No. 1 °- 
S1+75/R20+15 

25 

20 

1. 1 

0 . .5 

Hole No. 10*^ 

S! + 75/R20-^75 

20 

170 

1.9 


Hole No. 11“^ 
SO+60/R22+00 

35 

4 

0.08 

0.05 

Hole No. 12“ 
S3+45/R21+50 

35 

4 

<0.05 

1 . 0 

Hole No. 13“ 
S3+70/R19+75 

25 

210 

1 ,[) 

0.5 

Hole No. 14“ 
S-1+50/R9+75 

17 

1200 

0. 15 

!).() 

Hole No. 26^ 
S5+OQ/IU4+O0 

17 

90 

<0.3 

l.O 

Hole No. 27* 
S6+00/K10-fOO 

19 

no 

<0.3 

1.0 

Hole No. 28* 
S5+00/R6+00 

20 

2.30 

<0.3 

<0.2 

Hole No. 29* 
S4+00/R4+00 

13 

350 

<0.3 

<0.2 

Hole No. 30* 
S3+00/R2+00 

20 

8 

<0.4 

0.4 

Hole No. 32* 
S5+50/R20+00 

19 

210 

<0.2 

1.4 

Hole No. 33* 
S6+95/R8+80 

18 

50 

0.1 

1.0 

Hole No. .34* 
S4+20/R18+50 

15 

230 

<0.5 

0.1 


‘^Samples obtained during 1976 survey. 

■^Sampics obtained during 1978 survey; ibese analyses were perfori 
Radiation Management Corporation, Philadelphia, Pennsylvania. 


APPENDIX 1 


DESCRIPTION OF RADIATION SURVEY METERS AND WRENN CHAMBERS 



R;\1)1ATI0N SURVEY METERS 


Beta Survey Meter 

A poi’tal)lc Gei ger-Muel ler (G-M) survey jneter is the primary instru- 
t; for measuring beta-gamma radioactivity. The G-M tube is a halogen- 
ached stainless steel tube having a 30 mg/cm" wall thickness and 
seating a cross-sectional area of approximately 10 cm . Since the G- 
e is sensitive to both beta and gamma radiation, measurements are 
en in both an open window and a closed-window configuration. Beta 
iation cannot penetrate the closed window, and, thus, the beta 
ding can be determined by taking the difference between the open and 
sod window readings. This meter is shown in 1-ig. l-A. 

iiie G-M survey meter was calibrated at ORNI. for gamma radiation 
ng an NBS standard Ra source. The gamma calibration factor is typics 
the order of 2600 epm per mll/hr. 

In order to assess beta-gamna surface dose rates from uranium con- 
inated surfaces using this instriunent, a field calibration was per- 
med. The G-M survey meter was compared with a Victoreen Model 440 
ization chamber (sec Fig. I-B) and was Found to produce 1750 cpm per 
d/hr with a 2S% standard deviation for a wide variety of surfaces, 
luding concrete, wood, pavement, bricks, and steel beams. 

Gamma Scintillation Survey Meter 

A portable survey meter using a Nal scintillation probe is used to 
sure low-level gamma radiation exposure. The scintillation probe is 
.2 X 3.8-cm Nal crystal coupled to a photomultiplier tube. This 

in n Victoreen Model Thyac HI ratemeter (see Fig. I- 


to several hundred uR/hr. This instrument is calibrated ; 
NBS standard source. Typical calibration Factors a 

of 300 cpm per (jR/hr. 

TECHNIQUES FOR THE MEASUREMENT OF RADON AND RADON DAUCI 
Continuous Radon Monitor 

Concentrations of radon are measured using a dctccto 
Wrenn et This detector operates on the principle 

RaA ions are positively charged. Radon is allowed to dxF 
foam rubber covered hemispherical ly shaped metal screen, 
radon daughters. As radon in the chamber decays, after d 
the cavity, RaA ions are attracted to a thin aluminized m 
is stretched over a zinc sulfide scintillation detector, 
between this aluminized mylar film and the hemi.sphcricall 
screen creates a strong electric field which serves to at 
charged ions. The ions thus attracted remain on the surf 
mylar film and continue their radioactive decay to other 
The principal radiation detected by a radon monitor of th 
alpha particles from RaA and RaC. Alpha pulses are coun 
for a fixed period of time, usually 30 min. At the end o 
counting period, the total count for each channel is prin 
and the system is reset and counting for the next period 
The radon monitor in use by ORNL is similar to that 
IVrenn. However, the scintillation detector is larger (2 
and a provision has been made 


to utilize an alpha source 


lardizo the chamber before putting it into service (see Pig. I-D). 
ilpha standard is inserted through a hole in the top of the chamber 
’csts t.ti a [ixed and repeatable position. During use of the monitoi 
.ourcc access liole is plugged with a rubber stopper. An overall 
of the ORNL radon monitor is shown in Pig. I-E, 

MOBILE LABORATORIES 

Ilic mol)Llc lal^oratories shown in Fig. I-H. are used during each 
il survey to serve as a control center, and to house instruments 
ither equipment needed during the survey. Each lab is equipped wit! 
)wn electric generator, mobile radio-telephone, and contains a wide 
! of well maintained and calibrated instruments. One of the mobile 
lias Its own microcomputer for data reduction in remove locations. 


Rni-ERGNCE FOR APPENDIX I 


I-l, M. 0. Ivreniij 11. Spitz, and N. Colien, IEEE Trans. Nuol. 
645 (1975]. 












I'ig. 1-H. Overall view of ORNL 
continuous radon monitor. 



Fig. I-F. Mobile labs used for logistic 


support during 


M>J>liKDIX II 


DliSCiaP'I’ION OP GeLi OPTJiC'rOR M'l) 
SOIL COUNTING PROCLOURl-S 



Dl-:SCUlPriON of (;c(Li) nOTliCTOR SYSil-M 


•5 

A lioldcr lor twelve 30-cm‘ polyetliylcne bottles (standard C' 
liners for licjuid scintillation samples) and a background shicl' 
len designed- for use with a 50-cm’^ Ge(hi) detector system (see 
. During counting of tlic smupics, the holder is used to ])OsU 
' the sample bottles around the cylindrical surface of tlie detO' 
iralicl to and symmetric about «its axis, and two additional l)ot 
;ross the end surface of the detector, perpendicular to and syim 
th its axis. With a 300-cm'^ sample and a graded shield dovelo] 
;c with the system, it is possible to measure I pCi/g of ‘"ih < 
.til an error of ;U0% or less. 

I’uises arc sorted by a 40y6-chaniiel analyzer (see I-ig. rr-B| 

•ored on magnetic tape, and subsequently entered into a compute: 

•ograin whicli uses an iterative least squares method to identi fy 

iclidcs corresponding to those gamma-ray linos found in the saiii] 

ic program, wliich is accessible through a remote terminal, roli< 

brary of radioisotopes which contains approximately 700 isotopi 

>00 gamma-rays and which runs continuously on the IBM-360 systei 

726 

;NL. In identifying and quantifying “ Ua, six principal gamma- 
nes are analyzed. Most of these are from and correspond 

■2, 609, 1120, 1765, and 2204 KcV. An estimate of the concentr; 
U is obtained from an analysis of the 93 KeV line from its dai 

'Sh. 


ORNL-r 



ll-A. Holder for Cc(Li) detector system s 


OUNL-l'luito 





L,oiiipui:cr-i)asca <ni'Jo cnaiuici anaiyzer. 


APPliNDlX III 


Till: liSTIM/VTlON OF IIADIUM-226 CONCF.NTiiATlON 
IN SUBSURFACE SOIL 






concentrations over Jnrgc intervals in which sciiiti 1 lat loii 
v.'crc consistently greater than 20,000 cpm. 

[■or each of 16 core holes drilled on the site, a grapli 
scintillation probe readings versus depth. Subsurface soil 
taken from 8 of these core holes; and for each of these 8 c 
graph was made of radium concentrations as a I’linction of de 
comparison of the graphs of radium versus depth wlLli tlic gr 
readings versus depth indicated tiiat the depth at whlcli max 
concentrations occur can be accurately determined from the 
probe readings. Furthermore, it appears tliat the vertical 
contamination can be estimated within approximately six inc 
graphs of probe readings versus depth. 

1978 suiivnv 

The regression line was determined from five pairs (x, 
both the scintilhition probe reading x and the radiinn coiicc 
were knowi. The regression line y = 3.9x was correct withi 
1.23 for all five pairs (x, y) on whicli it was based; the a 
factor was 1.13 + 0.13. 


APPENDIX IV 


Pl-UTINnNT Ri\D10L0GlCAL REGULATIONS, 
STANDARDS AND GUIDELINES 



M'J.lNLiS I’Oll DliCONTAMlNATLON Oj- FACILITIHS AND FQIJIPMHKT 
TO Hlii.liASJ; I-OIl UMtESTKU.’TliD USE 
OK 'rOKMIA'A'I’tON 01- MCliNSIiS f-OR HYPROOUCT, SOURCE, 

OR SPRCfAL MUCM-AR MATERIAL 


U. S. Nuclear Regulatory Conunission 
Division of Fuel Cycle 
and Material Safety 
Wasliington, D. C. 205S5 



instructions in this guide in conjunction with Table IV-l spec: 
Loactivity and radiation exposure rate limits v/l\icti should be ui 
iccoinpl ishi ng the decontamination and survey of surfaces or prer 
equipment prior to abandonment or release for unrestricted use, 
limits in Table lV-1 do not apply to promises, equipment, or S( 
:ai.ning induced radioactivity for whicli tlie radiological considc 
IS pertinent to their use may be different. The release of sucl 
ilities or items from regulatory control will be considered on 
:-by-case basis. 

The licensee shall make a reasonable effort to eliminate resic 
contaminat ion. 

Radioactivity on cciuipment or surfaces sliall not be covered b> 
paint, plating, or otlier covering material unless containi natic 
levels, as dcteniiinod by a survey and documented, arc l)clow tl 
limits specified in i'able IV-J prior to applying the covering, 
reasonable effort must be made to minimize the contamination 
prior to use of any covering. 

The radioactivity on the interior surfaces of pipes, drain lir 
or ductwork sliall be determined by making measurements at all 
and other appropriate access points, provided that contnminati 
at these locations is likely to be representative of contaminr 
on the interior of the |)lpc.<, drain lines, or ductwork. Surff 
of premises, equipment, or scrap which arc likely to he contan 
but are of such size, construction, or location as to make the 
surface inaccessible for purposes of lucasuromcnt shall be pres 
to be contaminated in excess of the limits. 

Upon request, titc Commission may authorize a licensee to relir 
possession or control of premises, ccpiipmcnt, or scrap having 
contaminated with materials In excess of the limits specified, 
may include, but would not be limited to, special circumstance 
as razing of buildings, transfer or premises to another organi 
continuing work witli I'acUoactivc materials, or conversion of i 
to a long-term storage or standby status. Sucli request must: 

a. Provide detailed, specific information describing tl' 
premises, equipment or scrap, radioactive contaminar 
and the natm'c, extent, and degree of residual surfc 
contamination. 

b. Provide a detailed liealth and safety analysis which 
that the residual amounts of materials on surface ai 
together with other considerations such as prospect! 
of the premises, equipment or scrap, arc unlikely tc 
result in an unreasonable risk to the health and sal 
of the public. 


shall maKe a comprehensive radiation survey which establishes thai 
contamination is within the limits specified in Table IV-1. A co\ 
of the survey report shall be filed with the Division of Fuel Cyc: 
and Material Safety, USNRC, Washington, D.C. 20555, and also the 
Director of the Regional Office of the Office of Inspection and 
Enforcement, USNRC, having jurisdiction. The report should be 
filed at least 30 days prior to the planned date of abandonment. 
The survey report shall: 


a . 

Identify the premises. 



b. 

Show tliat reasonable effort has been made 
residual contamination. 

to eliminate 

c . 

Describe the scope of the 
fol lowed. 

survey and general procedures 

d. 

State the findings of the 
the instruction. 

survey in units 

specified in 


owing review of the report, the NRC will consider visiting the 
lities to confirm the survey. 


ACCEPTABLE SURFACE COKTAMINATION LEVELS 
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Excerpts from 
Proposed 
AMSI N328-197 


Proposed American National Standard 


Control of Radioactive Surface Contamination 
on Materials, Equipment, and Facilities to be 
Released for Uncontrolled Use 


ariat 


Physics Society 



Property shall not be released for uncontrolled use unless docui 
ucasureincnts shovv' tlic total and removable contamination levels 
10 gi'eatcr tlian the values in Table IV-2 or 'I’able lV-3. (Table 
.s easier to apply when tlic contaminants cannot be individually 
.dentified . } 

ihei'G potentially contaminated surfaces are not accessible For i 
lent (as in some pipes, drains, and ductwork), such property sh; 
)e released pursuant to this standard, but made tiie subject of < 
:ase evaluation. Credit shall not be taken for coatings over C( 
.nation. 


tabu: IV -2 


SIJHI ACJ; (!()NTA.MINAT10.\ l.fMITS 

evels may he avcraj.cd^ over the 1 provided the maximum activity 
,y area of 100 taii^ is less than 3 times the limit value. 


Nucl idc 


Limit (Activity) 

dpm/lOQ ciii" 

total Remov, 


1: Nuclides for wliicli the nonoccupational 
is ;? '< HI i:i/m^ or less or for which the 
cupational Ml’f ^ is 2 x 10“'' Ci/m^ or less; 
des Ac-227; Aiii-2dl; -2‘l2m, -243; Cf-249; 

-251, -252; C:iii-243, -244, -245, -246. -247, 
1-125, -129; Np-237; l>a-231; I»b-210; Pu-238, 
-240, -242, -244; Ra-226, - 228 ; Th-228, 
d 


' 2: Tlioso nnclidc.s not in Groun 1 for which 
onoceupational MPC is 1 x lO-^^ Ci/m^ or 
or for wliich the nonoccupational MPC 5 is 
0-^ C:i/iii^ or loss; includes Hs-254; l'fn-256; 

, -131. -133; ro-210; Ua-223; Sr-90; Th-232; 

// 


3: Those nucllUe.s not in Group 1 or 

2 . 


5000 


20 


100 


‘^Scc note following tabic on application of limits. 

: Maximum I’crmissible Concentration in Air applicable to 
nuous exposui’c of mciiibers of the public as published by or derived 
an authoritative source such as N'CkP, ICRP or NRC (10 CFR 20, 
dix B, Tabic 2 , Column 1). 

^*MPC : Maximum i’ermissiblc Concentration in Water applicable to 
rs o¥ ilie public. 

^\'alucs presented iicrc arc obtained from 10 CI-K Part 20. Ihe most 
ing of all given MFC values (e.g. soluble vs. insoluble) are to be 
In tl\e event of tlie occurrence of a mixture of radionuclides, the 
ion contributed by each constituent of its own limit shall be 
mined and the sum of the fractions must be less than one. 


ALTERNATE SURFACE CONTAMINATION LIMITS 


(All alpha emitters, except IJ-nat and Th-nat are considered a 

2 

The levels may be averaged over 1 m * provided the maximum ac 

2 

any area of 100 cm is less than 3 times the limit value. 


Nuclide 


Limit 




Total 


If the contaminant cannot be identified; or 
if alpha emitters other than U-nat and Th-nat 100 

are present; or if the beta emitters comprise 
Ac-227, Ra-226, Ra-228, I-I25 and 1-129. 

If it is known that all alpha emitters are 

generated from U-nat and Th-nat; and beta 

emitters are present which, while not 1,000 

identified, do not include Ac-227, 1-12S, 

1-129, Ra-226 and Ra-228. 

If it is known that alpha emitters are 

generated only from U-nat and Th-nat; and 

the beta emitters, while not identified, 5,000 

do not include Ac-227, 1-125, 1-129, Sr-90, 

Ra-223, Ra-228, 1-126, 1-131 and 1-133. 


*NOTE ON APPLICATION OF TABLES 1 AND 2 TO ISOLATED SPOTS OR A 

o 

For purposes of averaging, any of surface shall be.^consid 
contaminated above the limit, L, applicable to 100 cm" if: 

a. From measurements of a representative number, n, of^sect 
determined that 1/n iSi > L, where Si is the dpm/100 cm"^ det 
measurement of section i; or 

2 

b. On surfaces less than Ira, it is determined-that 1/n L 

where A is the area of the surface in units of or ^ 

c. It is determined that th^ activity o£ all isolated spots 
in any area less than 100 cra^ exceeds 3L. 


SUliGIiON GENERAL'S GUIDELI.XES 
Part 712 

Grand Junction Remedial Action Criteria 


1 Register', Vo 1 , -ll, No. 25S. pp. 56777-8, Thursday, December 30, 1 

PART 712 - GRAA'D JUNCTION 
REMEDIAL ACTION CRITERIA 


Purpose 

i) The regulations in this part establish the criteria for deter- 
Dii by ERDA of the need for, priority of and selection of appropriat 
ll action to limit tlie exposure of individuals in the area of 
Junction, Colo., to radiation emanating from uranium mill tailing 
lavc been used as construction-i'clated material . 

)) Tlie regulations in this part are issued pursuant to Publ. L. 

(86 Stat. 222) of June 16, 1972. 

Scope 

le regulations in this part apply to ail structures in the area of 
lunction, Colo., under or adjacent to which uranium mill tailings 
jen used as a construction-related material between January 1, 1951 
le 16, 1972, inclusive. 

Definitions 
> used in this part; 

i) "Administrator" means the Administrator of Energy Research and 
)ment or his duly authorized representative. 

)) "Area of Grand Junction, Colo.," means Mesa County, Colo. 


aJioactlvc material other than uranium mill tailiiu’S. 

(dl "KKDA” means tlic U.S. l-nergy Research and Development / 
strntinn or any duly iuithorir.ed representative thereof. 

Cc) "Cionstruction-relatecl material" means any material usee 
onstructio?! of a structure. 

ffl "Ihxternal ^aimna radiation level" means the average ganu 
•adiation exposure 7'ate for the habitable area of a structure as 
.ear floor level. 

( 2 ) "Indoor radon daughter concentration level" means that 
ration of radon daughters detcnni.ned by: [1) Averaging the resi 
I air samples, each of at least 100 hours duration, and taken at 
-l-week intervals throughout the year in a habitable area of a 
V (2) utUizing some otl7ev procedure approved by the Commission 
(h) "Mi 1 1 i roentgen (mil) means a unit equal to one- thousand' 
tf a roentgen 7dtich roentgen is defined as an exposure dose of X 
■adiation such tliat rlie associated corpuscular emission per 0.00 
if air produces, in jiir, ions carrying one electrostatic unit of 
if electricity of cither sign. 

(il "Radiation" mcaiis the electromagnetic energy (gamma) a: 
iaTtic\ilate radiation (alpha and beta) which emanate from the ra 
lecay of radium and its daughter pi’oducts. 

(j) "Radon daughters" means the consecutive decay products 
'22. tlenorally, these include Radium A (polonium-218), Radium B 
ladium C (b I sniutli -2 1 4 ) , ajicl Radium C (polonium-214). 


Kcmcu.ui <iLLJun means any action taken -.dth a reasonnhl 
pectation of reducing the radiation exposure resulting from uranium 
tailings which have been used as construction-related material in a 
around structures in tlic area of Grand Junction, Colo. 

CD ’’Surgeon General's guidelines" means radiation ^nndclines 
lated to uranium mill tailings prepared and released by the Office 
the U.S. Surgeon General, Hepartment of Health, education and Welfa 
July 27, 1070. 

(m) "Uranium mill tailings" means tailings from a uranium mil 
tion involved in the i'ederal uranium procurement i)rogram. 

(n) "Working I,evel" (WL) means any combination of short-lived 
daughter products in 1 liter of air that will result in the ultimoti 
emission of K.'^xlO^ MeV of potential alpha energy. 

712.4 Intcrjirotations 

Cxcojit as siiecifically authorized by the Administrator in writ' 
interpretation of tlic meaning of the regulations in this part hy an 
or employee of HRDA other than a written interpretation by the Gcnci 
Counsel will l)c recognized to be binding upon liRDA. 

712.r> Communications 

lixeept where otherwise specified in this part, all comiuunicatic 
concerning the regulations in this part should be addressed to the 1 
Division of Safety, Standards, and Compliance, U.S. Energy Research 
Development Administration, Washington, D.C. 20545. 

712.6 Genei'al radiation exposure level criteria for remedial ac’ 
The basis for iindertakine remedial action shall be the applical 


jclincs published by the Surgeon General of the United States. 
Jelines recommend the following graded action levels for remedia 
ion in terms of external gamma radiation level (HGR) indoor 
^hter concentration level (RDC) above background found within d^^ 
structed on or with uranium mill tailings: 


EGR 


RDC 

Rccommendat 

Iter than 

0, 1 

Greater than 

Remedial action i 

mR/hr . 


0.05 WL. 


n O.OS to 

0. 1 

From 0.01 to 

Remedial action n 

mR/hr . 


0.05 WL. 

suggested. 

5 than 0.1 

05 

Less than 0.01 

No remedial actic 

iriR/hr . 


WL. 

dicated. 


7 Criteria for determination of possible need for remedial 

Once it is determined that a possible need for remedial actior 
record owner of a structure shall be notified of that .structure 
[ibility for an engineering assessment to confirm the need for i 
on and to ascertain the most appropriate remedial measure, if i 
rrmination of possible need will be made if as a result of the f 
iranium mill tailings under or adjacent to the structure, one oi 
owing criteria is met: 

(a) I'rtierc ERDA approved data on indoor radon daughter concent 
Is are available: 

(1) For dwellings and schoolrooms: An indoor radon daughter 
ration level of 0.01 WL or greater above background. 




('2) lor other structures: An indoor radon daughter concentr; 
cl of 0.03 U'l, or greater above background. 

(h) Wliere nid)A approved data on indoor radon daughter concen- 
els are not aVc'i liable: 

(11 For dwellings and schoolrooms: 

(il An c.Ktcrnal gamma radiation level of 0.05 mR/hr. or greai 
kg round . 

(iil An indoor radon dauglitcr concentration level of 0.01 WL ( 
Iter above background (i^rcsumedl . 

(A) It may be presumed that if the external gamma radiation ! 
equal to or o.KCceds 0.02 mU/hr. above background, the indoor ra( 
ghtor concentration level equals or exceeds 0.01 WL above backgi 

(11) It should be presumed that if the externa] gamma radiatic 
less than 0.001 inR/hv. above background, the indoor radon daughi 
contration level is less than 0.01 Wl, abovo background and no p« 
.1 for remedial action exi.sts. 

((.■) If tlie external gamma radiation level is equal to or grej 
w 0.001 niR/lir. above background but is less than 0.02 mR/hr. abt 
Nground, measurements will be required to ascertain the indoor ; 
ghtcr concentration level. 

(2) For other structures: (i) An external gamma radiation 1* 
5 mR/hr. above background averaged on a rooni-by-room basis, 

(ii) No presumptions shall be made on the external gamma radi, 
cl/lndoor radon daughter concentration level relationship. Dec 
1 he made in individual cases based upon the results of actual 


racria hav'e not been met 

: ' need for remedial action may he detormiiiod where i 

i have not been met if various other factors are pro 

" : include, but are not necessarily limited to, size of th 

: a, distribution of radiation levels in the affected area 

' ' age of individuals occupying affected area, occiii 

ni i u- of the affected area. 


/-tor. to be considered in determination of order or prlo 
tor remedial action 

/-.mining the order or priority for execution of romedlai , 
be given, but not necessarily limited to, the fol 

, 

■Vvailability of data 

^ose structures for whicli dat.i 

concentration i , 

ration levels and/or externni 

the nrn le 

program starts anH i;i • 

j,. ^ meet the criteria in 

■ /■'- — nsidered first. -tena in 

“PPHcation. insof 

'/ order which remedial action wi 

'■PPlication is ■ 

/^Koitnde Of radi «oeaved. 

adiation level, m 

radiation levels win u ^ ^®ral, those structures w 

' consideration. 


c) Geographical location of structures. A group of structures 
d in the same immediate geographical vicinity may be given priority 
oration particularly wliere they involve similar remedial efforts. 

f) Availability of structures. An attempt will be made to schedule 
al action during tlio.so periods when remedial action can be taken 
inimum interference. 

g) Climatic conditions. Climatic conditions or other seasonable 
erations may affect the scheduling of certain remedial measures. 

Selection of appropriate remedial action 

a) Tailing.s will be removed from those structures where the ap- 
ately averaged e.xternal gamma radiation level is equal to or greater 
.05 inR/hr. above background in the case of dwellings and schools 

1.5 mR/hr. above background in the case of other structures. 

b) IVliere the criterion in paragraph (a) of this section is not met, 
remedial action techniques, including but not limited to sealants, 
ation, and shielding may be considered in addition to tfiat of 

gs removal. HRDA shall select the remedial action technique or 
ation of techniques, which it determines to be the most appropriate 


the circumstances. 


Title 40-rart 141 

Orinking Water Rcgulatiorvs-Uadionuclides 


Interim Primary Drinking Water Roguations 
Promulgation of Regulations on Radionuclides 
federal Register, Vol. 41, No. 153, pp. 28402-9 1-riday, July 


Part 141.15 Federal Register 
Vol 41, No. 133, p 28404, Friday, duly 9, 1976 

90 ^ 228 

Maximum contaminant levels for Ra, Ra, and gross al 
radioactivity. 

226 228 

(a) Combined “ Ra and Ra - 5 pCi/litcr. 

2 2 (3 

(b) Gross alpha particle activity (including ^Ra but e 
radon and uranium) - 15 pCi/liter. 



APPENDIX V 


EVALUATION OF R;\DIATION EXPOSUI^S 



EVALUATION OF llADIATION EXPOSURES AT THE ST. LOUIS-LAMBFRT AIRPOR 

ST. LOUIS, MISSOURI 

The U. S. Department of Energy has determined that the forir.e 
Atomic Energy Commission (AEG) Airport Storage Site in St. Louis, 
is presently contaminated with radioactive residues. The 21.7-ac 
site, now a part of the St. Louis— Lambert Airport property, was u: 
during the 1950' s and 1960's for the storage of uranium- and radii 
bearing residue wastes. These wastes resulted primarily from opei 
of tlte Mailinckrodt Chemical Corporation during their ^VHC-contract 
uranium processing operations from 1946 to 1955. The tract of Ian 
bordered on the north and east by Brown Road, on the south by trac 
the Norfolk and Western Railroad, and on the west by Coldwater Cre 

Decontamination actions at the site began in November of 1965 
which time the Atomic Energy Commission conducted a radiological s 
During 1966 and 1967, most of the residues were sold for their min 
contents and removed from the site. Most of the remaining residue 
(located in the western section of the site) were subsequently ren 
to an abandoned quarry at Weldon Springs, Missouri. All structure 
the site were razed, the resulting rubble was buried on-site, and i 
foot of clean fill dirt was spread over the site. In December 196: 
additional two to three feet of clean soil was spread over several 
of the site to reduce the radiation levels to below guideline valu< 
At the present, there are no structures on the site and access is . 
by the airport manager. 

There is a possibility that this site may become the location 
a police academy driving school. The present deed to the property 


quit claim deed and specifies that the area be used oniy lui uiip 
purposes unless approved by the Federal Aviation Authority (i'AAj, 
[iiture uses of the site arc contingent upon maintaining the radiii 
exposure at acceptable levels. 

Contamination at the St. Louis Airport site is due to buried 
deposits of naturally occurring radionuclides— principally, uraniu 
radium-226, and thorium-230, This contamination will yield sligli 
radiation exposures to persons on the site. These small radlatic 
exposures result primarily from beta and gamma radiations emitted 
radionuclides in the soil. In addition to these direct radiation 
radium deposits in the soil may lead to exposui'es througli the inii 
of radon and its short-lived daughters. The additional exposures 
by other sources such as ingestion (e.g., eating or drinking on t 
are relatively small as compared with external radiation and the 
of radon and its short-lived daughters. A summary of radiation e 
is provided in Table V-1 along with appropriate guidelines and ba 
values . 

The naturally occurring radionuclides present at the St. Loi 
Storage site are also present in minute quantities tliroughout oui 
environment. Concentrations of these radionuclides in normal sol 
air, water, food, etc., are referred to as background concentrati 
Radiation exposures resulting from this environmental raclioactivi 
referred to as background exposures. These background exposures 
caused by any human activity and, to a large extent, can be conti 
only through man's moving to areas with lower background exposure 
Hach and every human receives some background exposure daily. 


ST. LOUIS, MISSOURI 
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: nay cause radiation exposures above the hackRround 

■ . received by workers in the industry and, to a lessor extent, 

. .,1- LiK- y.cneral public. Scientifically based guidelines have 

..■U;.-.: to place an upper limit on these additional exposures. 

V c.-.bU.dned for exposures to the general public are much lower 

In. Its established for workers in the nuclear industry. 

is believed to have been created wlien the earth was 

it IS still jirescnt today because it takes a very long time to 

liic- half-life is a measure of the time required for radioactive 

for uraniui,.-:38 it is 4.5 billion years. Thus, if d..*) liillion 
* 

. 1 ;:'.' you had a curie of uranium-238, today you would have one-half 
1.5 billion years lienee, this would only be onc-fouvV.!\ cuvic, As 
.inLu:;i-238 decays, it changes into another sub.stancc, l:h()riuni-234 . 
’>2.34 i.s called the "daughter" of uranium-23B, In turn, tiiorium- 
the "parent" of protactinium-234. Radioactive decay started by 
:.>238 continues as shoim in Table V-2 until stable load is 
. The "decay product" listed in Tabic V-2 is the radiation 
ed as the parent decays. 


Oiiect Beta and Gamma Ray exposures 
uclear Regulatory Co»unission (NRC) guidelines state that the 

dose fion wcakl) penetrating beta particles and from gamma rays 
^'d at a distance of one centimeter from any surface, sliould not 


Hk' curie is a unit used to measure the 
^nnee; one curie represents 37 billion 


amount of 
radioactive 


radioactivity in 
disintegrations 


TABU; V-2 


UraniuHi-258 decay series 


Parent 

Half- life 

llccay products 

Daugl 

niuiii-238 

4.5 billion years 

aljdva 

tliorium-l 

riu)i)-234 

24 days 

beta, ga[?una 

protcictii 

tact i.niuiii-234 

1.2 minutes 

beta, gamma 

uranium- 1 

niiiin-234 

250 thousand years 

alpha 

thorium- < 

riniii-230 

80 thousand years 

alpha 

radium-22 

ium~226 

1600 years 

alpha 

radon-22; 

jn-222 

3.8 days 

al pha 

polonium- 

:)niuin-218* • 

3 minutes 

alpha 

lead-214 

J-214* 

27 minutes 

beta, gainma 

bismuth-2 

iiutli-214* 

20 minutes 

beta, gamma 

polonium- 

iuium-214* 

10.000 

alpha 

lead-210 

1-210 

22 years 

beta 

bisinuth-2 

inith-210 

5 days 

beta 

polonium- 

)niuin-210 

140 days 

alpha 

lead-206 

1-206 

stable 

none 

none 


Sliort-llvcd radon danglitcrs. 


X- 



exceed 0.2 millirad per hour when averaged over an area of one 
meter. The combined dose rate should not exceed 1.0 milllrad pt 
in smnU areas of 100 cm‘. These guidelines are exceeded at 10 
at the site, with individual measurements ranging up to d.6 mill 
per hour in the western half of the site. Two locations outsidt 
fenced confines of the site in the ditch south of Brown Road exc 
tliesc guidelines; the maximum observed in this ditch was 1.6 mil 
per hour. Most of the contamination appears to be within an arc 
about 1.5 acres in the western half of the .site. Beta-gamma exj: 
rates in this area averaged 1.5 millirad per hour, witli severai 
exceeding the guideline value of 0.2 milllrad per iiour when avet 
over one square meter or greater. 

Thu.s, handling Che surface soil from this western area for 
period of 1 hr would produce a beta-gamma close of 1.5 niUlirad.s 
skin. For comparison, the skin dose which would be expected fre 
normal year's watching of color television by an, adult i.s 1.6 mi 
for a child less than 15 years of age, the comparable dose is 3. 
millirads per year (n,ccarding to the United Nations Scientific C 
on the Uffeets of Atomic Radiation). 

As may be seen in Table V-2, several of tlie daugJucrs of ui 
238 and of radium-226 omit gamma radiation (gaimna rays are pcnel 
radiation like X-rays). Hence, the residues on thi.s site arc sc 
external gaiimia radiation exposure. External gamma exposures met 
one meter above the ground at the St. Louis Airport Storage site 

'k 

The millirad is a unit for measuring radiation dose to ti^ 
lud is one-thousandth of a rad. 


from 4 to 330 microRoentgcns per hour, with the highest readings L 
obtained in the drainage ditches along both sides of Bi-o^nti Road. T 
average exposure rate within the fenced area of the site was 15 mic 
Roentgens per hour. The average exposure rate in tiic 1.5 acre area 
the western portion of the site was 113 microRoentgens per hour. T 
average exposure rate in the ditches along side Brown Road was 60 m 
Roentgens per hour, lixposure to this level for 2000 hours per year 
typical v>/ork year, would lead to an exposure of 120,000 microRoentgi 
For comparison, a typical chest X-ray (according to Uepartinent of 
Health, liducation, and Welfare data) might yield an exposure of 27, ( 
microRoentgens. Background levels in the .St. Louis area averaged 8 
microRoentgcns per hour. 

The National Council on Radiation Protection and Measurement (f 
has recommended a maximum annual whole-body exposure rate of 500, OOf 
microRoentgens per year to an individual continually exposed in the 
general public. This value corresponds to 250 microRoentgcns per he 
for 2000 exposure hours (40 hours per week and 50 weeks j)er year) oi 
approximately 60 microRoentgens per hour for continuous exposure, i 
guideline of 250 microRoentgcns per hour would be exceeded at five 
locations at the site if the area were frequently occupied. 

At the present time, access to the Airport Storage site is rest 
and controlled by the airport manager. The only persons who occupy 
site are those who deliver and unload clean rocks and till material. 
These individuals spend only one or two hours per montli on tlic site. 

Tlie Roentgen is a unit which was defined for radiation protect 
purposes for people exposed to penetrating gamma radiation. A inicio 
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values well below the guidelines. 

Soil along the northern fence has been disturbed by b 
and eroded by water drainage. Lrosion ot’ this contaminate 
spread the contamination to the drainage ditches north and 
Brown Road. This contamination is the cause of the elevat 
bcta-gaimiia dose rates and external gamma radiation exposui 
these ditche.s. Although access to these ditches is not co 
there is no reason to believe that any person occupies the 
for more tlian a few minutes each month. 

Inhalation of Radionuclides 
Radon-222 > the daughter of radium-226, is an inert ga 
leave the soil and enter the atmosphere. Measurements of 
of radon at locations adjacent to the site ranged to 0.99 
per liter and averaged approximately 0.33 picocuries per 1 
of these rcading.s exceed the guideline value of 3.0 picoci. 
for exposure of the general public as set forth in 10 CPU 
present, no structures exist on the site. However, if bui 
be constructed over contaminated soil, radon concentratior 
those measured on site could exist in the buildings. Esti 
that the radon concentration in structures built over the 
soil could exceed the guideline value. 

As may be seen in Table V-2, the decay of radon-222 \ 
series of short-lived daughters. The unit which has been 
* 

One picocurie is one million-milliont)i of a curie, f 
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measure tnc concentration of tlau^>htcrs is the working level. It 
estimated that present radon daughter concentrations in air on the 
arc much less than 0.001 working level. These measurements arc wt 
below the guideline value of 0.03 working level suggested in lU Cl- 
However, it is estimated that this guideline value could be exceed 
structures built over the most contaminated soil. Consequently, c 
consideration sliould be given to the location of any structure bui 
this site in the future. 

Studies of uranium and other hard rock miners have estahlishe( 
inhalation of large quantities of daughters of radon-222 over long 
periods of time increases an individual's risk of contracting lung 
cancer. The present federal guide value for urnjiiiiin mine workers ( 
by the linvironmental Protection Agency), when translated to the uni 
discussed here, would limit mine workers to an exposure of ivoi’i 
levels, assuming exposure for 2000 hours per year, a typical work y( 
This level is significantly lower than the exposures received by noi 
the miners included in the studies. 

Other Considerations of Lxposurc 

The concentration of radionuclides in ground water safjijJlcs t.ike 
the site were all below the concentration guide for water (CG ,) set 
forth in 10 CFR 20, Additional samples were taken from water flowin, 
drainage ditches north and south of the site and Iroiii CoJdwatcr Creel 
which receives all site drainage. The concentration of radionuclide: 
all samples was well below the concentration guide values. 

*i'lic working level is a unit which was defined for radiation 
protection })uri)oses for uranium miners. It represents a specific 
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.. |,a,s County (ns of 1970) was 154 .leatl.s P-r KUlpUHi |u,| 
,■ :j,v >a.ac titt, the death rates fr<m all lypos of ciukoi- 
... .,r.,ups in the United State.s and in tlio slate oC Mi ss»a 
LP. pel- lUO.nOd poi)ulat3on, respectively. A imc yeai- 
• : a; tralint; a radiation of 5(1(1,00(1 m i croKoeiu |.e,i miphi 

■ . , . e,, Pt.-Ith due to all types of cancer l>y oiu'-iei 

. . :• xiuisiires in excess of those guideline values would he 

- in jn-oportionatcly lu.glior i.ucrcasoj; in ri.sK. Con.'U 

i .i. tion taken to reduce either the rate or t fie clin*al ion oi 

■ • n-ould also I'cduce the risk artciul.'inl lo tli.il i'X(h); 

; no ilaia at present which give evidence ol’ a rc ] a ( i on;;!] i 

L'.\{)o.sure of the skin and f.lic dove 1 opiiieii 1. of nkiii 
. does not mean that skin cancer cannot f)t’ proiluced liy li 

■ li';.--. ihis does mean that the risk associated wilh j>irulcli 

■ ii-- vu‘ tlie skin is so small that it cannot hv (|uaiil i i'ictl. 

Remedial Measures 

: i'.i aiuii exposures ;it the St. I.ouis Airport Sl.urape site arc 
to the presence of uraniuiii-238 and radium- 220 deposits ii 
1 --- . ite, tins contamination leads to cxposiu'es due to exten 
,'.i ladiation and from the inhalation of radon which is 
>■ dopo.its of radium-226 in the soil. line), of these expostn 
--i.annted by the removal of contaminated soil followed liy 
— uncontaiiunated soil. Due to the depth to which radium i 
. '■■'•.Id be necessary to remove the top four foot of .soil 



